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I. Introduction, 


1. Somites. —The third and caudal region into which an insect 
¥ divided is called the abdomen. Here, for the most part, the 
‘segments of which it is composed show a simple and almost primitive 
structure. In the adult a typical segment, more properly designated 
a somite, consists of a dorsal chitinized portion or sclerite called 
‘the tergum, and a ventral sclerite or sternum. These are connected 
‘laterally by arthrodial membranes, i. e., conjunctiva or pleura, in 
each one of which is a spiracle. There are exceptions to this 
arrangement at both cephalic and caudal ends, with the greater com- 
‘plexity at the latter. No spiracles are ever present caudad of the 
eighth somite, and, in most cases, where the somites caudad of the 
seventh are retracted, spiracles are lacking in the eighth. There- 
fore it is evident that the adult abdomen always presents, to the 
‘eye at least, a far more simple composition that do the head and 
thorax. In reality, in many larvae an abdominal somite is an entire 
ang without differentiation into tergite or sternite-an arrangement 
often seen in the lower thoracic somites, and a more nearly primitiv 
one that that above mentioned. 

) The general shape of the abdomen, taken as a whole, also varies 
‘considerably. According to the best authorities, one ought to 
‘recognize the abdomen, systematically, from the number of its 
‘somites and from its appendages. The fact suggested above, that the 
Caudal somites may be more or less, even entirely, concealed by 
‘retraction, is responsible for the numbering of abdominal somites 
‘which is based only upon the number of visible somites and has no 
justification in morphology. Disagreement upon this point is found, 


however, not only among the systematists who formerly limited them- 
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selves to numbering the abdominal somites which were undoubtedly 
visible, but also among the morphologists. The latter differ in 
their results for various reasons, as follows: == i. Because of the 
loss of certain sclerites. 2. Because of differences in the point 

of view. e. g., some investigators begin to count at the cephalic, 
While others begin at the caudal end of the abdomen, and still others 
do not correlate closely dorsal and ventral sclerites, 3. Because, 
undoubtedly, of failure to observe the sclerites present in the caudal 
region, due in many cases to the lack of potash or other suitable 
reagents and methods for exposing chitinized parts. 

f 2. Theories and Investigators. = There follows at this point a 
list of prominent investigators together with the number of abdominal | 


files Sree frereddnt 
somites #er which they have, efend in the adults of certain orders: 


Orthoptera 

1872, Chadima, 11 abdominal somites 
1876, Brunner von Wattenwyl 9 abdominal somites 
1882, Tarzioni=-=Tozzetti 11 abdominal somites 
. Coleoptera 

1894, Peytoureau (in Hydrophilus) 8 abdominal somites 
1894, Peytoureau (in Dytiscus) 9 abdominal somites 
1893, Kolbe (in Lamellicornidae ) 9 abdominal somites 
1893, "94, "96, Verhoeff 10 abdominal somites 


1903, Berlese (in Coleoptera in general) 11 abdominal somites 


; Hemiptera 

1893, '94, '96, Verhoeff, 11 abdominal somites 
i Lepidoptera 

1832, Burmeister 9 abdominal somites 
1893, Kolbe 9 abdominal somites 


Peytoureau 10 abdominal somites 
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1903, Berlese At least 10 abdominal somites 


Trichoptera 


j1sa9- "55, Lacaze=Duthiers, typical no. 
in insects 11 abdominal somites 


hese, '88, Grassi, typical no. in insects 10 abdominal somites 
leon, Zander 13 abdominal somites 

(From investigations on Thysamura according to Grassi, 10 
abdominal somites besides "Ein Afterstiick, das allerdings nicht mehr 
las Segment aufzufassen ist." According to C. Brunner von Wattenwyl, 
"una dem Terminalsegment, welches aus den drei Afterklappen und den 
Iseitlich inserirten Anhangseln (Cerci) gebildet wird,") 

Berlese coneludes his discussion of the matter by saying that 
| he entire number of abdominal somites varies from nine to eleven, 
jexcept for the Collembola, which he considered aberrant, this reduction 
itaking place from the lower to the higher orders, and at the caudal 
jas Well as at the cephalic end of the abdomen, He states emphaticall 
| hat eleven is not exceeded, aside from the telson with its rudiments, 
found only in certain of the Thysanura and immature Orthoptera, and he 
therefore would consider eleven as the typical number, | 
| Certain other investigators, represented mainly by Heymons, upe- 
hold the view that the primitive number of abdominal segments is 
twelve; the twelfth, just as much as the eleven cephalad of it con- 
| aining a caelomatic cavity. Heymons calls this twelfth somite the 
telson, and his evidence for it is found mainly in certain Thysanura, 


| here he identifies it with a small sclerite, called by many the 


| 
pupra-anal plate, situated between the eleventh tergite and the anus. 


F He also describes it in immature Acrididae, Locustidae, and Gryllidae, 


as a triangular plate separated from the eleventh tergite, to which it 


orms the apex, by a suture. In the adults of some Acrididae this 
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5 
e terminal segment is commonly called the eleventh only, instead of 
Ilene eleventh and twelfth, according to Heymons. Berlese gives 
another example of the twelfth tergite in Acrida turrita L., a form 
not studied by Heymons,(PlateJII, Figs. 9, 11, and 18, t. 12.) 

i According to Haase, the eleventh is not an autonomous somite, 


land Verhoeff agrees with him. Dewitz states that the eleventh somite | 
lis formed only by the doubling of the tenth, and be says that in 


\Decticus this only occurs after hatching. Wheeler shows and labels 


jleleven segments in all the figures in his wellknown embrylogical 
‘“\ 


Jinvestigations. 
| 


| 8. Posterior Somites. = The first traces of segmentation are 

ff ound very early, in the germ-band of the insect which becomes 
jdivided by transverse grooves, into somites, This process ,Heider 
paintains, even precedes gastrulation in Hydrophilus. This is nota 


primitive condition however. In the completely segmented germ-band, 


/Korschelt and Heider state, that there are ten abdominal somites, in 
a to the telson, and they give the following observations on 


jthe germ-bands of various forms, in proof of this statement. Heider, 
lon the germ-band of Hydrophilus; Graber, on Lina, Stenobothrus, 


various Lepidoptera and Hylotoma; Wheeler, on Doryphora and Blatta; 
(holodkowsky, on Blatta,and Carridre on Chalicodoma. 

| In looking over the plates belonging to all the articles referred 
| © by Korschelt and Heider, in each of the above cases, one sees that. 
lin the large number of germ-bands figured the terminal abdominal 
peaate is always numbered eleven, and that in no case is the term 
| elson used, that being the name given by Heymons to the twelfth 


abdominal somite. Of course, morphologically, what these somites are | 


labelled may seem immaterial, and fundamentally it is. However, there 


S$ no doubt that considerable confusion has arisen from Korschelt and | 
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. 6 
‘Heider's statement in this regard. Many invariably take it that, 
‘according to these authors, the insect abdomen is typically composed | 
of ten somites and no more. Others may understand that the telson 
mentioned is formed of the eleventh and twelfth somites fused. 
As one can see from the work of the investigators themselves, they 
‘agree in giving eleven as the typical number of abdominal somites 
in the germ-bands of the insects upon which they worked. 
One of the difficulties in arriving at any conclusion from the 
| foregoing is that so few investigators have traced structures from 


embryonic through larval to adult stages, and this same difficulty 


confronts us when we review the work done on the genital appendages. 


A marked deviation from the primitive condition is found in the 


lack, apparent, at least, of appendages on the adult abdominal 


somites. If one looks at the germ-band of an insect, however, one 
}can see, soon after the appearance of the appendages of the head and 


thorax, anlages of a pair of appendages for each somite of the ab- 


cones also. These rudiments are lateral; sac-ilke swellings, usually | 


| pointing backward, and generally Kgustioved as serially homologous 
l with the thoracic legs, as also with the appendages of the head. 
The first account of embryonic limb rudiments on the first 
jabdominal somite of Gryllotalpa, was written by Rathke in 1844, and 
|later on all the abdominal somites, by many others, As we mean by 


|primitive, in insects, that which shows their close relationship to, 


| 
| 


|successive, similar somites, each having a pair of appendages, we are 


! 


jinterested to look in the adult for traces of the embryonic condition) 


and probable descent from, a myriapod-like form consisting of several, 


ldescribed above. 
4. Genitalia. - There is, at the caudal end of the abdomen of 


jevery insect, a group of appendages having to do, more or less 
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"genital appendages," "genitalia, 


| directly, with the function of reproduction. Three pairs of these 


| appendages taken together are called, in a general way, by German 


authors, "Geschlechtsanhdnge;" by English and American ones, 
"or "gonapophyses;" the latter, a 
term introduced by Huxley in connection with the Crustacea, and used | 
by many others to indicate part, or all} of these structures, in ones 
or both, sexes. They have also been given individually, names dif- 
fering Gren one another in, and characteristic of, each order, so 
that in some cases only a systematist of the group concerned could 
follow a description using them, These three pairs of appendages 
have been attributed to the three somites cephalad of the terminal 
or anal somite, which, as explained in the foregoing, is considered 
the eleventh by some, and the tenth by others. 

It would seem natural to homologize these appendages with the 
anlages of legs found respectively on the same somites of the em- 
bryonic germ-band, but there are at least two opposed views on this 
question. Lacaze-Duthiers, who published papers on the subject in 
1849-52, did not so consider them, but regarded them as modified 
ventral sclerites of their respective urites, the latter being the 
name by which this author, followed in this respect by Berlese and 
others, called the abdominal somites. Haase, much later, also stat-_ 
ed that these "sonepophyses" were not true appendages, but, to 
translate, “integumental structures of a somewhat higher order than 
styles," meaning those styles which are inserted at the bases of the | 
legs, in the coxae of some Myriapods and Thysanura. Grassi in 1889 
held a Similar view. According to Wheeler, all these investigators 
based their conclusions solely upon comparative anatomical data. 
The following investigators, however, have regarded these appendages, 


‘ 
"genitalia," or "gondpophyses" as homologous with the true, ae A 
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8 
"ambulatory," “segmental,” or "pedal" extremities, although they 


| have differed a good deal in the details of their explanations: 


| Weismannin 1866; Kraepelin in 1872; Kowalevsky in 1873; Dewitz in 


1875; Huxley in 1877; Cholodkowsky in 1891 and Wheeler in 1893. 


Korschelt and Heider state their point of view as follows $ 


"We are here led to ask to what extent the external genital append- 


|} ages, the so-called gonopophyses, are to be traced back to limb 


rudiments. The researches of Kraepelin and Dewitz have revealed 


that the ovipositors of the Hymenoptera and the Locustidae, and the 


corresponding genital appendages of the male in these forms, are 


| derived from the imaginal discs of the eighth and ninth abdominal 


somites, which, when they first appear in the larva, closely resem- 
ble the imaginal discs of the larva of ren which yield the 
thoracic limbs." (p. 371.) Butsehli and others have therefore 
attempted to refer the otiesestiywos of these forms to true j abdomi-= 
nal limb-rudiments. "In support of this assumption, we might point 
out,” continue Korxchelt and Heider, “that these imaginal discs 
develop from the abdominal rudiments present in the embryo. It 


should, however, be mentioned," they assert, "that Haase, following 


| Uljanin, has recently opposed this view, although, as it appears to 


us, with insufficient reason, maintaining that the gondépophyses 
should be regarded merely as secondarily acquired, external 
appendages.” 


Heymons is one of the strongest opponents of a homology between 


the genital appendages and the anlages of the segmental ambulatory 


ones of the embryo and the appendages of an ancestral form. He 


states in a resumd published in 1899, that after embryological 
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investigations on a great number of species of Locustidae, Gryllidae, 


and noniptera he “oe come Dict the conclusion that it is a fundamental 
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r 
|| principle, in the study of insect embryology, that there is present n 
Igenetic relationship between the embryonal anlages of the ambulatory 
appendages and the gonapophyses. 

| The entirely different results obtained by Wheeler, from his 

| jembryological work on Xiphidium, Heymons attributes to the fact of an 
ad early origin of the genitalia in Xiphidium.and other 

| jLocustidae, even as early as the embryonal period before the atrophy 
lof the anlages of the segmental appendages. Also, in addition to thi 
fact, Heymons lays emphasis upon the very small size of the sternites 
in Locustidae, which would very easily lead one to confuse the em= 
|bryonic limb-rudiments and the developing genitalia, or nenépepliyées; 
|while in other forms, he states, the sternites are much larger. In 
jfact, Heymons asserts, from his investigations on Lepisma saccharina 
and certain Hemiptera, that the sexual appendages do not originate 


even in the same parts of the sternites where the above-mentioned 


anlages of segmental appendages are found. It seems unbelievable tha 


an investigator who has had as much experience as Wheeler in the 


jexamination of insect embryos should have made thé mistake attributed 
% him by Heymons. 


The anlages of segmental appendages on the middle and cephalic, 


as well as on the caudal somites, degenerate during the embryonic 
stages, and some authors, Goosens and Knatz, for example, have 


hought that,for this reason, the prolegs of caterpillars first 


Mevelop during larval life. To quote again from Korschelt and Heider» 


"We should here have to suppose, as Graber also has pointed out, an 

i 

embryonic rudiment remaining for a considerable time in a dormant 
fondition. On the whole, the embryonal data seem to support the view 


of Balfour which Cholodkowsky adopted, and to which Graber was in- 


lined, that the abdominal appendages of the Lepidoptera and 
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Eiizenoptera are to be regarded as true limbs. We have already had 
liseveral examples, in the Crustacea, of the disappearance and rede- 
jvelopment of a limb out of a rudiment which has meanwhile been latent 
|(Mandibular palp of the Decapod larva, Korschelt and Heider, vol. II, 
|p. 312; maxillipedes of the Stomatopoda, vol. II, p. 300.) A similar | 
lexample is afforded among the insects by the thoracic limbs of many 
\Hymenoptera," and most Diptera for that matter. "These appear as 
as in the embryo, disappear later, and reappear in the imago." 

In the above-mentioned resume of 1899 neymons takes up, point by | 


| 
Ipoint Verhoeff's work on Coleoptera, Hemiptera, as well as his papers 


rar $tr 


jon Tracheates and Myriapods in general, all published between 1892 
‘ d 1898. From the results of his review of these investigations 
: eymons concludes that there is little support for Verhoeff's opinions. | 
he latter include the homology of the styles which are attached to 

| he coxae of the mesothoracic and metathoracic legs of Machilis, as 

| ell as to certain abdominal somites of other Thysanua. According to 


jHyemons, Verhoeff compares the style=-bearing sclerites, which he 


| 
| onsiders laterad of and fused with the true abdominal sternites, with 
f lattened out coxae, and that rightly, according to Heymons; but, : 
| going further caudad, Verhoeff also homologizes the median genital 
Bppendazes with the distal segments of the legs, and the lateral 
E on@pophyses with the coxae of these legs, therefore regarding the 
brigin of two pairs of genitalia from one pair of ambulatory append- 
bges belonging to one somite, instead of from two pairs belonging to 
bro successive somites, or-to put it from Heymon’s point of view, from 
pt least four isolated evaginations having no connection with the 
anlages of the segmental appendages found in the embryo. 

One objection which may be made to Heymon's theory on general 


eee sogicel dais. is dobins * Seb sake of his conclusions which | 


oe 


oa) 
end at, 


7 
a} 


Jaom bag 
ian , 


* o + «| ~ 
; 
; ; 
. a 
( 7 r : 
. « IJ #5 
‘ 
: { t ge 
is 3 DH 
- bo ¢ a 
j . ) yoaz ¥ j 
7 
, 4 - « , 
: ' at? very’ i ert tr: r ' a : 
2 / : f ; ; me J Bi 7. 
, * - ; 10" etsy Jf 
| ; c 2. 
y : ‘ P 
, _— 
; : s¥c2 fonmon 
i ‘ 
} P A * » 
: { ‘ } 
‘a oF OR) . we va 
g 
| f 
ny oY ‘ " r — 
1 i _ 
; . } * - hab . 
. 
r - , - ‘ 
- hale ; ’ w . 
4 - ae . ¢ vi 
- : : - ~~ 
Bl 1s if 4 ey i 
7 : a» ‘ - 
-¢ : PF ‘ iC = } hd 
© 
5 > ay 1 f : . *| 
< ’ i ; 
. 7s we td ‘4 
‘ . a 
J : iQ @AXOO 
: 7 ' a s « 
- SS - 
g Vive a }§ } J s . ‘J ws 
o 
' P 4 A { 
a ’ ~ e ' 
. : 7 ' i 
LE Pit | t é skh Vas we LENG L. = . 
$ » +» ~~ de oe 
= 4 ~~ : i ie 
’ 19 s aa ‘ TUL BILE V 
‘+ - my % saaneh aevetsey 
: i” ee f+ — Tetee| 
» ws . / . ~ ea os & _—o Mt Toil 
: -~ $ 
¢ wn, ‘ " 
Aw 
ge ih 
ft ) ae) 3 


Tne himself states as follows,=- "Heymons zufolge, sind die 
Sehiechtsanhange mdnnlicher und weiblicher Insekten nur als 
| Hypodermisfortsdtze zu betrachten," and "Die Geschlechtsanhdnge sind, 
Peach der Ansicht von Haase, Peytoreau, Heymons, u. a. erst innerhalb 
| der Klasse der Insekten erworben.” With but few exceptions we find 
} enat, in tracing the morphological history of almost any organs we 
mee mention, more or less important and well developed in a group of 
| animals, that they have not recently "sprung into being" as it were. 
}Nature is not in the habit, to put it differently, and perhaps ina 
| me, old-fashioned manner, of building structures out of "Etwas 
Neves." A glance at the history of almost any vertebrate structure 
}Wwill reveal an example of this fundamental principle. 
| Wheeler realized the necessity of tracing organs, not only in 


jthe embryonic stages, but also on through later ones, In his paper 
| 


e | 


jon Xiphidium he says that the embryonic history of the gonopophyses 


could be “continuously traced," since there is no flexure of the 


abdomen in that embryo as exists in so many other forms, to obscure 


- ventral view of the somites. After the time of hatching, Wheeler 
jcalls attention to the fact that Dewitz, in 1875, traced the develp-= 


sz of the ovipositor in another locustid, Locusta viridissima, so 
jthat we now have the complete history of that organ, or set of organs 
ae concluded that part of his account as follows:= "While there 
a be no doubt about the appendages of the eighth and ninth seg- 


which go to form the two outer sheathés of the ovipositor or 


sting, the development of the inner+most blades is by no means so 


satisfactory. But whether this pair is only a portion of the ninth 


pair of appendages, as most authors claim, or represents the tenth 
pair as I maintain, the main question at issue is in no wise affected; 


ors it still remains true that the ovipositor consists of two or 
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| three pairs of modified ambulatory limbs.” In the male Xiphidium 
| embryo,.it is claimed by Wheeler that the pair of appendages on the 

|} ninth somite persists, to form the definitive styli; those of the 
eight and tenth somites disappearing very early. To quote again,= 
"Me continuity of the styli," = meaning here male genitalia - “with | 
the embryonic appendages was quite as satisfactorily observed as the 
continuity of the ovipositor blades." He also says of the investi- 
gations of others, "Cholodkowsky has made an exactly similar obser- 
vation on Blatta." The styli, therefore, in the male, i. e., "are 
the homologues of the second pair of gongpophyses" in the female. 
"Haase must, therefore, have gone astray in seeking to homologize 

the styli” in the male, "with the styloid processes or '"Griffel"' 
above-mentioned in this paper as those styles attached to the coxae 
jor certain of the abdominal somites of some Thysanura, = “for the 

| sty1i," concludes Wheeler on the male Xiphidium, “are modified 
smal appendages." 

5. Cerci. = One more pair of appendages, namely, the cerci, 


should properly be included under the term genitalia, making the 


| total number four pairs. The cerci, often tactile in function, 


When present, are frequently described as attached to the terminal or) 


janal somite. That different investigators have not meant the same 


|thing, morphologically, by cerci, is undoubtedly true. Some regard 
| 


jthem, not as appendages, but as prolongations of pleurites, i. e.; of | 


epimer ites; and episternites. Berlese explains this point of view, 
|which he apparently takes. He says that there may be cerci on the 
ee somite, as also on the ninth, the presence of the one generally 
|exe1uding that of the other, although he would not lay tet down as 

a fundamental principle. He gives Notonecta as an example of a case 


where he maintains that there is one pair of cerci on the eleventh 
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somite, another pair on the ninth, and on somites cephalad of these 


‘| he thinks there may be rudiments of others. His classification of 


cerci is as follows: The ones found on the eleventh somite, he 


calls acrocerci, or cerci; those on the tenth, mesocerci; and those 
on the ninth, procerci. ‘The vows of other authors are few in 
number, and have many points in common. Haase considers them as 
feeler-like appendages of the "Analstilck;" Verheoff, true, segmental 
appendages of the tenth, abdominal somite; Peytoureau, dorsal 
appendages of the tenth; abdominal somite which may be compared, he 
thinks, with wings in their method of development. 

Heymons and Wheeler in Orthoptera, and Heymons in regard to 
Dermaptera, Ephemerida, Odonata and Thysanura agree that cerci are 
true appendages of the eleventh abdominai somite. 

All of the foregoing opinions except Heymons' may be grouped 
together in that all their authors agree that the cerci are append- 
ages, of one kind or another, belonging to the terminal abdominal 
somite. Heymons always regards the terminal anal somite as the 
telson, or twelfth abdominal somite, so would regard the cerci as 
appendages of the eleventh, or pre-anal somite. Verhoeff lays great | 
stress on the fact that the cerci must be segmented to be true cerci, 
comparing their segmentation with that of the thoracic legs. Haase 


and Heymons maintain that there is no relationship between the 


segments of these two structurs as such, but rather, a far-reaching,- 


"weitgehende," according to Heymons,- parallel between the cerci and 
the antennae, not only in their present form, but in their ontogeny. 
It is certainly true that the cerci, generally speaking, bear a super 
ficial resemblance to the antennae, but they may also assume, 
physiologically, entirely different roles. Thus, for example, they 


May be purely sensory, but they may also be modified as accessory 
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|) copulatory organs. 
| Cholodkowsky was the first, in 1891, to uphold the fact that 


|lthe cerci were morphologically true pedal extremities, and it is the 
lone Place where Heymons can agree with him, as well as with Wheeler 


}and others, that a pair of appendages 4 which may properly be in- 


‘| erudes under the genitalia has its origin in the anlages of the 


‘appendages of an embryonic somite. In fact Heymons has called the | 


| 
| 


\jeerci "modifizierte extremitAten", and he states very emphatically 
|}that the cerci are homologues of the above-mentioned styles of some 


| Thysanura, just as those styles themselves are descended from an- 


| leestral abdominal appendages. 
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| 7. Material. - The records upon which we must rely, in determin- 


ling the origin of the genitalia.are the anatomy of generalized adult 
a} i Y 


yi at 


| une 
|jforms, a comparison of these with more specialized species and 


2 


earlier developmental stages. Therefore this paper consists of a 
oil 


jcomparative study of the caudal segments and appendages of adults of 
‘litre following species: Lepisma saccharina and Machilis sp. of the 
| Thysanura; Periplaneta orientalis, Melanoplus differentialis, 
‘Eissostcita carolina, Xiphidium ensiferum and Gryllus pennsylyanicus 
jot the Orthoptera; Tibicen babi oudob iti: Notonecta undulata, Benacus 
. 


A 
griseus, Corixa sp., anasa tristis and Euschistus variolarius of the 


7 embptera; Corydalis cornuta of the Neuroptera; Panorpa lugubris of 


the Mecoptera; Nerophilus californicus of the Trichoptera; Harpalus 


Caliginosus, Cybister fimbriolatus, Hydrophilus triangularis and 
‘WDoryphora decemlineata of the Coleoptera; Hepialus humuli, 

Pryonoxystus robiniae, Acrotis ypsilon, Anosia plexippus and Proto- 
' Iparche carolina of the Lepidoptera; Tipula abdominalis, Tabanus 


H 
jSulcifrons and Calliphora viridescens of the Diptera, and of the 


} 
Hymenoptera, Dolerus unicolor and Vespa maculata. 
a | 
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II. Investigation. 


General Principles. - Before taking up any anatomical descrip- 


| tion or comparison of the foregoing forms, a number of preliminary 


} points should be mentioned. 


The distal pair of appendages, as has before been noted, is the 


‘ll cerci, and in the majority of cases in adult insects where these 


|are present, they have so changed their position as to be dorso- 


lateral, or even quite dorsal. As many of the succeeding pairs of 
appendages as are present, are, as a rule, still in a ventral posi- 


tion, and may project beyond the caudal end of the abdomen, There- 


Sores it will usually seem convenient to begin descriptions of the 


=a ——_ a 


|} genitaliaj by describing the cerci first. 
| y 


Of the two sexes the female is the more generalized. A good 


example of this point is seen in the female cockroach where all 


| four pairs of genital appendages are present, almost in their primi- 


| tive position so far as showing their points of attachment to their | 


| respective segments is concerned, and where the total number of 


| Segments found in adult insects is also present. The saw-fly is 
| another striking example of the generalized female. These are both 


|} @xamples in primitive families of insects, but on the other hand, 


jin certain specialized eroups which do not sting, and which, laying 
l their eges merly on the flat surfaces of leaves or stems, lack 

| Ovipositors, the caudal end of the abdomen presents a most general- 
}ized condition, the appendages in such cases being, "specialized by 


| 


}reduction". The genital and anal openings in these insects may be 


jeaeity seen in a caudal view, the former between the ninth and tenth 


|sternites, under the edge of the ninth, and the anusj in its usual 


3 [position between the distal tergite and its corresponding sternite. 
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| These openings and wahtever rudimentary appendages there may be 
| present, are enclosed within a cavity formed by the invagination of 
i the segments beyond, and including the eighth. From this sac-like 
| invagination, the appendages may be protruded. When ovipositors and 


"i stings are present in specialized forms, these too are often conceal- 


jione described above, except that they are usually somewhat longer. 
The genital opening of the male is connected with the tenth 
iitornite more closely than with any other, as Berlese states. How- 
lever, certainly in the adult insect, it is also situated at the dis- 
tal end of an intromittent organ, which is, in many cases when 
; j entirely protruded, nearly as long as the abdomen, and thus) the 


| ejaculatory duct is also prolonged to an equally great length, there- 


fore bringing the external opening itself / to a point without any 


relation to the abdominal sclerites. 
Somewhat similar cases occur in such females as possess long 
| |Ovipositors, However, the distal opening of the vagina itself is 
}seldom situated far beyond the bases of the ovipositors. When the 
. eggs leave this opening, they follow along well-marked grooves on 
| the inner suffaces of the ovipositors into the ground, stem, or other|- 
object in which they are to be laid. This same mechanism may exist | 
for the exit of poisonous fluids exuded at the bases of stings, or, 
fas is often the case, through excurrent ducts leading from the glands 
| to an external opening, or paired openings, also situated at the 
| basce of the stings. 
In those insects which have their caudal segments and genitalia 
retracted, the caudal end of the body has a smoothly rounded contour, | 


jjor it may even be pointed. Excellent examples of such cases are 


|| seen in the Diptera and Hymenoptera. In these, one is unable to 
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|Ithose commonly called secondary sexual characters. Those abdomens 


which terminate with most of their distal segments and appendages in 


lview, show projections of a tactile, clasping, or other function, and, 


‘jjalthough usually bilateral in arrangement, they are very irregular 


lin appearance by contrast with those smooth forms described above. 


Here, of course, it is very often possible to tell the sex easily 


et tll iii onl 


jfrom the genitalia alone. 


The anus is always surrounded by cuticular membrane divided into 


_ |Folds generally called anal lobes. It is often difficult to decide 


_jMpon the number of the distal segment in adult insects because it 


jeannot be differentiated from the membrane which may very well be made 


| P, morphologically, of more than one segment. 


In numbering the segments of this region it is not necessary to 


Ibegin with the first abdominal one. The most caudal pair of abdomina 


Sis cies typically occurs in the eighth abdominal segment; of adult 
ects, but is sometimes concealed if the posterior segments are 
retracted; otherwise, in the seventh, and the arrangement in this 
articular is quite uniform throughout an order, As, for example, 


there are always eight pairs of abdominal spiracles in the Orthoptera 


Pout only seven pairs in the Lepidoptera with the possible exception a) 


Hepialus. The fact must not be lost sight off that in the larva, 


Cight pairs of functional spiracles are present, and that these are 


Jrudimentary in the pupa. The caudal appendages of the abdomen, the 
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With the foregoing general principles in mind, some account of 


| the details of the work may now preperly be considered. 


Method of Preparation. - First as to the method of preparing 


insects for a study such as the following. This is very simple. The 
llwere softened by leaving the entire insect, the abdomen only, or 


|| merely the posterior end, as waa desired, in a five per cent solution| 


H berieds 
Of caustic potash for ‘times varying from twelve to twenty-four or 


| tht ijty-aix hours, depending upon the hardness and freshness of the 


}specimens used. If pinned specimens were used, they were first 


‘|jboiled in water for a short time. They werethen washed in running 


Water, and studied under a binocular dissecting microscope. A com- 


Pound microscope was also used for studying mounted balsam prepara- 


Will be taken first, followed by the Pterygota, beginning in each 


case with the generalized forms. There are also included tables 


}Showing the sclerites and appendages present in the species studied. 


iThe presence of a sclerite or a pair of appendages is indicated in 


the tables by a plus sign, and their absence by a minus sign. When 


either is rudimentary, an asterisk is added to the plus sign. The 


abbreviations t and s stand for tergum and sternum, respectively. 


a. Thysanura. - It is obvious from the figures of both Lepisma 


and Machilis that the problem is complicated in the Thysanura rather 


than simplified, as would seem natural. It is here that Heymons 


makes his best point in regard to the homologies between styles and 


jsenitalia, but in these forms both styles and appendages are often 


ie to the same somites. A careful survey, however, of figure 


112 (Plate I) of the more generalized female form, shows that the 
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latter are important outgrowths, which,so far as the adults are con- 


cerned, may far better be considered genitalia than styles. In the 


embryos figured by Heymons the buds, anlages of genitalia and styles 


are so near together as to be easily confused and to give ground for | 


the belief that they are one and the same thing, not separate from 


the very beginning. On the other hand, this separation shows very 


Clearly in his figures even of insects which have entirely degene- 


rate styles, i. e., none, in the adult. He, however, does not in= 


terpret his figures nor yet his material in that way. He considers 


that the appendages found in the adult are simply the final 


specialization of these same above mentioned styles. 
And 


In the male,Lepisma (Plate I, figs. 15 & 16) again it is 


evident that in the adult insect there are appendages corresponding 


to Appendage I, as well as styles on the same somite, and it seems 


| unnecessary to correlate those appendages found on the terminal 


somite of Lepisma and Machilis with styles when they resemble so 


closely certain appendages, cerci or Appendage IV, of similar form 


in many groups where styles are not present. It should be said, in 
this connection, that the terminal median appendage present in the 


Lepisma and shown in the figures of that insect is the one which, 


including also the anal lobes, Heymons and Uzel homologize with the 
eleventhéo@ - 
Table of Sclerites and Appendages. 


Somites 


Appendages 


Lepisma saccharina 
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Somites Appendages 
Machilis sp. 
wea, oy 20, 11 Pe li TV 
Female a Se, ee ae t* + ¥ * * 


st. st s* es* st 


Male t+) to te “f+ t+ ee +(2) + 
s* s+ s+ st st 


b. Orthoptera. = In regard to the Orthoptera it may be said 
that they are of course here, as elsewhere in structure, a very 
generalized group. To begin with, the tables show the presence of 
eleven, or at least parts of ten, somites and all four pairs of ap- 
pendages in all the forms studied. This is particularly remarkable 
in connection with Appendage II, the commonly called "“mesal," or 
"median" pair of appendages, which are so many times entirely lack- 
ing in the female. 

In no case is the latter pair so prominent in the above men- 
tioned genera as in the Mantis. However, in case of every modifica=| 
tion of the genitalia, whether it be for the purpose of digging in 
the ground as is true in the grasshopper and the cricket, or whether 
for holding the spermatophore, the habit of the female Xiphidiunm, it 
is possible easily, not only to work out and see plainly this 


appendage, Appendage II, but also to see that it follows immediately 


upon Appendage I in an extreme ventro -caudal position. 
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Table of Sclerites and Appendages. 


Somites Appendages. 


, Periplaneta orientalis 
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Female tr + + + + 


Male 


Xiphidium 
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c. Hemiptera. - In many species of this order we meet the pro- 


} blem presented by Berlese's theory of successive pairs of cerci, 


which he illustrated by many example, from the Hemiptera. At the 


posterior end of Benacus, Zaitha and other species of aquatic 


Hemiptera, in both the male and female thepe projects} a pair of 


Strap-like appendages, included by some authors} among the genitalia. 


Upon a close examination they are found to be outgrowths of the 


eighth tergiteg, and the corresponding pair of spiracles is situated 
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23 
at their basis. From these spiracles two parallel rows of closely 


set setae extend to the distal ends of these projecting tergites. 


} Various observers have believed them to be organs used in connection 


| with the respiration{ of these aquatic species. The seventh tergite 
ll of Benacus presents a similar modification, and it contains the 
} seventh pair of spiracles, but it is much broader and shorter. The 
] seventh and eighth tergites of Notonecta and the eighth tergite of 
| Coriza are apparently lengthened in like manner, and according to 
some investigators, have also a like function. Euschistus variolar- 
| ius and Anasa tristis, among the land forms, show similar projections 
| from the tergites of this region, but lack the arrangements of setae 
i which have to do with the respiration of the aquatic species. How- 
) ever, in neither case are these parts separated from the sclerite 
} proper, as is always true of the cerei, whether or not} they show 
| segmentation. In this connection, it may be noted that these pro- 
| lomgations in the Hemiptera, called by Berlese; the cerci, are 
|] never segmented. The Hemiptera form a generalized order of insects, 
| yet they are among the most specialized of those having an incomplete 
| metamorphosis. 
There are, therefore, few appendages present in certain of the 
j more highly developed species, as is evident from the following 
table, and they are also Pra et ieee by modification in the ‘gay of 
| complicated mechanisms. Example, of the latter are seen in the males 


| of both Euschistus_and Anasa. 
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the first of those forms 


characterized by a complete metamorphosis, we find a more generalize 


condition than among the Hemiptera, which, although they have an 


incomplete metamorphosis ,stand at the top of the group. Appendage 


II is lacking, but this is the above mentioned “mesal" appendage, 


more often absent than present. 
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To be sure, somite eleven is apparently entirely wanting, but 
without embryological evidence one has always a suspicion that 
parts of this segment may be present in the membrane of the anal 
lobes. Another poirit to be noted here, unlike any we found in the 
Orthoptera is that the male appendages present almost as primitive 
a condition as do the female. In fact there is even less speciali- 


zation in conn¢ection with function in the male than in the female. 
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e. Mecoptera. - Panorpa lugubris, the example chosen in this 
case, seems at first glance to be a most specialized insect,particu-= 
larly so far as genitalia are concerned. This appearance is found 
to be, with very little and superficial examination, entirely mis- 
leading. The real situation at the posterior ends of both the male 
and female Panorpa is that of a generalized form. In the male there 
is a resemblance to the Lepidoptera, in the claspers which are not, 
however, the only appendages present as in the case of the larger 


group, characterized by such organs. 
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e of Sclerites and Appendages. 
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f. Trichoptera. - The male caddis fly is characterized by an 


apparent specialization, real indeed so far as function is concerned, 


but not fundamentally affecting the relative arrangement of parts. 


The specialization is in connection with the prolongation merely of 


the ejaculatory duct, and 


is; formed of Appendage II. 
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g- Coleoptera. - The 


Coleoptera have long presented a great 


problem to those investigators who wished to be able to make a classs- 


ification of that group based on genitalia. So far as this paper 


is concerned they, may still present almost unsurmountable difficult- 


ies. However, there is very little doubt that ten segments and 


even traces of eleven are 


present in the beetles,even if one must 


depend in large measure upon membran¢e only and asymmetrically 


placed sclerites. With relaxation by potash it is very evident that 


true somites eight, nine and ten are present, the sutures between 
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| them showing plainly by means of evaginated folds or grooves. The 


eighth somite is also always indicated plainly by the position of 
the eighth spiracle, no matter how much it is hidden from view at 
first glance. Appendages are in large measure lacking in the female 
and the appearance is that of extreme specialization by reduction. 
The male is modified especially in connection with the external 
opening of the ejaculatory duct,which is placed at some distance out- 


side of the body-cavity, entirely out 


somites 9 and 19. 
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h. Lepidoptera. - The families of Lepidoptera present in the 


female, beginning with Hepialus, most extreme cases of specializa- 
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tion by reduction. The telescoping of segments is here carried to 


such a degree that we see for the first time, the most terminal 


spiracle in the seventh somite instead of in the eighth, its usual 


position in a more typical form. It is interesting to note} in 
this connection that this spiracle is present in the larva, rudi- 
mentary in the pupa, and lost in the adult, with the possible ex- 
ception of Hepialus. 

The somites retracted are very long in proportion to their 
width, and very slightly chitinized. Appendages in the female are 
largely lacking except, perhaps, for bud-like outgrowths from the 
somites at the positions occupied by appendages when present in 
other forms. The appearance of the female from the caudal point of 
view presents, particularly in Hepialus, because of this rela- 
tion between somites and the origins of appendages or their respec- 
tive pairs of genitalia, a most generalized condition. The use of 
generalized may be objected to in a case of such extreme specializa- 
tion but certainly the relation between somites and appendages is a 
primitive characteristic in itself, and one extremely prominent in 
this group. 
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Somites Appendages 
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i. Diptera. - The Diptera differ among themselves largely in 
presenting both very generalized and specialized conditions. The 
specialization, so far as appendages is concerned, is again one of 
reduction. The best illustration of generalization is seen in the 
female of Tipula abdominalis and specialization is evident in the 
| Zabania®” A caudal view (Plate XV) illustrates extreme specializa- 
tion by reduction with scaréely any appendages indicated at all ex-= 
cept in the case of the cerci, Appendage IV. In this as well as in 
| all cases of this type of specialization both: the anal and the 
| genital openings occupy their typical, primitive position. The male 
| shows greater specialization both in Appendage IV and the other 
Appendages, especially in the one forming the case for the extreme 
| distal end of the ejaculatory duct, Appendage II; but even here 
comparatively speaking, specialization by modification and enlarge- 


ment of the parts is fairly slight. 
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j. Hymenoptera. - The connections of the 8th and 9th somites 
with their respective genitalia are very clearly seen, not only in 
the generalized saw-fly, Dolerus, but also in the specialized Vespa. 
The genitalia, here having the form of saws and stings respectively, 


are in themselves very naturally greatly modified for their functions 


but except for their length and serrated edges ,for example, there 


is very little about the posterior end of the female of either of 
the above mentioned genera which indicates very great specialization 
The one point which does strongly suggest such specialization is 
the complete retraction of parts in this region of the body so 
that without potash preparaticns one would see only a perfectly even 
contour in the caudal region of the abdomen. 
The males of this order shew numerous small modifications of 
all their genitalia, Appendages I, II, III, and IV respectively. 


These modifications are in the form of many irregular points, curved 
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respective segments are not difficult to make out,as is evident from 


31 


projections, finger-like evaginations and other small structures har 
to describe. The copulatory habits of these forms have been worked 
on so very little that nothing can be said with regard to the mean- 


ing of all these structures. Their positions in relation to their 


the plates showing figures of these forms. 
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III Summary. 


} 
| Comparisons between certain of the somites of the different 
ters investigated, as well as between some of the appendages 
} 


studied may well be taken up as a summary of the above discussions 


and tables. The homology of the sclerites of the species studied, 


as well as that of the appendages, has been fully and clearly in- 


| dicated in the labelling of the figures. 
1. Somite Eight. =- This somite, as has already been noted, | 
contains, typically, the terminal pair of spiracles. Except in those 


species which have well-rounded contours, or are pointed, at the 


}caudal end of the abdoman, this somite approaches very nearly the 
Peac figured in the so-called Primitive Type (Plate I, Fig. 1.) It 
‘is simple in outline; broad and blunt in shape; about one-third as 
| long as wide; tapering only very slightly, if at all; and witha 


| 
| 
| 
| tergum and sternum almost equal in size, connected laterally by an 
| 


lappreciable conjunctiva, in the Thysanura, Orthoptera, Hemiptera, 


|and in the generalized orders studied having a complete metamor=- 


| Phosis such as the Neuroptera, Mecoptera and Trichoptera. In the 

| 

| Coleoptera and Lepidoptera it is retracted, more or less membranous, 
j Long in proportion to its width, and, in the Lepidoptera, excepting 


|the possible case of Hepialus, lacking its respective spiracle. It 
jis also small in the higher families of the Diptera; but its extreme 
| Specialization occurs in the female Hymenoptera where the sternum 


consists only of two small, sub-triangular sclerites to which is 


eed its respective pair of appendages, I., saws or sting as 


the case may be. (Plate XVI, Figs. 9 and 10.) 
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2- Somite Nine. - This somite is more specialized than the 
| eighth, markedly shorter in proportion to its width even in the 
Thysanura and Orthoptera. In these generalized orders of insects, 
with incomplete metamorphosis, the ninth somite shows specializa- 
| tion in the sternum, which, early in its history in the female cock- 
| roach and grasshopper, is much smaller and far more variable in 
| shape than the tergum. In the Hemiptera it is a larger, less modi- 
|] fied somite, in the sternum as well as, the tergum, and this 
continues to be true in Corydalis and Panorpa, although it is longer 
in proportion to its width than before, this latter characteristic 
} following out the general shape of the scorpion fly. In the 
Dep iedptera the entire somite consists of most irregularly shaped 
chitinous sclerites and, in large proportion, of cuticular, non- 
Mehitinized membrane. Such sclerites may not be bilaterally placed 
| with reference to the shape of the beetle, but in a direct ventral 
| view/ only a part of the sternum will show, and that; irregular 
jin Phape 7 as in Hydrophilus (Plate XII). In the Lepidoptera the 


| ninth somite is often a homogeneous membranous cylinder as in the 


| females of Protoparce and Pryonoxystus; or, as in the male of the 


| same genus there may be a slender, curved sclerite bilaterally 
placed in a broad area of membrane; or, as is true of Hepialus, the 
I sclerites may be broad and short, more highly chitinized than the 
|] succeeding somites. In the Diptera it varies from the small 

|| crescent-shaped sternum of the female Tipula abdominalis; to the 

|| ®road well-rounded tergum of the male in the same species. 

Between these two extremes, one finds every irregularity, of 

i ize and shape, as is well illustrated by the long, sub-cylindrical 
‘| somite of the male’blow-fly; the irregularly chitinized, largely 


}membranous sternum of the female of the tabanid; the corresponding 
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| sclerite in the male further accentuating the shape found in the 


female so that it is almost forked, the points projecting posterior- 


arma | in the female blow-fly we are sity with an almost typical 


ninth sternum, its only variation Petne aotewuas curved caudal margi 


The ninth sternum is highly specialized in shape and arrangement 


jj in the Hymenoptera, after the same manner already commented upon in 


a] connection of this sternite with its respective pair of appendages; 


a a 
== panel ies 


| plainly marked as in the case of the eighth, is the primitive 


connection with the eighth, and it consists of two irregular sclerite 


again somewhat approaching a triangular shape. However, just as 


j-and-a most generalized point in a highly specialized group. It 


should also be noted that this generalized condition is almost as 


| clearly seen in Vespa as in the saw-fly. 


3. Somite ten. - The typical form of this somite holds goody 


| for the tergum in the male and female Lepisma, the sternum in these 


forms having ,as its main characteristic, a deep indentation in the 
middle of the caudal margin. In the grasshoppers, this tergum is 
harrow and only partly divided from the ninth by an incomplete 
Bubure j in both male and female, but the sternum is nearly typical. 
In the female cockroach it is so deeply indented in the middle of © 
the caudal margin as to seem almost forked, and in the male j this 


sclerite is very short with an entire, caudal margin, while the 


“sternum is very small and retracted in both cases. In the male and 


i 


female crickets the tergum is a sclerite nearly as long as broad, 


with a well-rounded caudal margin, but the sternum is smaller, much 


Shorter than broad, and indented on the caudal margin, as is also 


|| the tergum of the female Xiphidum. In this sternum again in this 


yj genus, as in all of the Orthoptera studied, specialization is shown 


| to a slight degree in its being retracted under the preceding sterna 
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| and terga with a consequent reduction in size. In the Hemiptera 


lithis small size of somite ten, with its accompanying retraction,is 
icarried to a greater extent, and we have small sclerites, still 

| chitinizea, and very well illustrated,for all studied ,by the 
jterminal tergum of Benacus which is typical of such sclerites, well 


developed, considering that they are retracted, The latter point 


is clear when such a tergum is compared with the tenth tergum or 


sternum of Euschistus. In all the Hemiptera studied there was 


Squite perceptible chitinization of the cuticula forming the tenth 
os but this is lacking in the Neuroptera where membrane only 
jis present. The somite in this case, is not only short, but also 
Ismail in circumference, entirely covered by other somites and 
jappendages, and enclosing the anus without very well-marked sutures 


|jbetween the tergum and sternum. Such a descrition as this would 


janswer for the tenth somite of almost any form taken through the 
fremaining insect orders considered. Exceptions may be made in the 
Rease of Panorpa where the whole somite is long in proportion to 
lits width, and firmly chitinized; in forms as reduced and retracted 
42S Hepialus and Tabanus, where the length is very short in propor- 
jtion to the width, in the female Pryonoxystus where it is retracted 
land membranous, yet long and cylindrical. 

4. Somite Eleven. =~ Somite eleven, as has been shown in the 
jtables, occurs the most infrequently of any of the four caudal 


somites studied. It is the most characteristic of the Orthoptera 
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tergum by a well-marked suture. Posterior to it in those cases,in 


|| the adult, lies the so-called twelfth somite of Heymons showing in 


both Dissosteira and Melanoplus (Plate II, Fags. 9 and 10) very 
distinct in the female. Thig suture is not, however, present in 
: pbttaia nymphal stages, according to many investigators, even when 
| it appears in the adult, and it would seem, therefore, to be a 
secondary modification. Aside from the Orthoptera the eleventh 
somite is a short, homogeneous, membranous ring surrounding the anus, 
and is often hard to distinguish from the anal lobes. 

5. General Statement. - Of the four somites considered above, 
it is evident that the ninth is the most specialized of any, both 

| by reduction of parts, by modification of shapes and by lack of 
chitinization; all three characteristics following upon retraction 

of the caudal end of the abdomen. Somite eight changes least from 
its formin the primitive type, and,in the generalized Orthoptera, 
somites ten and eleven become the simplest in form, structure and 
substance by specialization and reduction of parts. 

6. Appendage I. - This appendage occupies the most extreme 
ventr of-caudal position, and shows its real connection with somite 
eight Bay in the saw-flies and wasps. This pair of appendages 
usually seems to be placed closely adjoining the ninth sternum, and 
is often referred to as the ventral pair of appendages. The ventral 

) pair of ovipositors of the grasshopper (Plate II) show this relativé 

| position, although the connection would seem externally, with the 

| eighth. This is also true in appendage I in the female Lepisma. 
This appendage belongs -+t6 the eighth somite, as is seen in the 
male Lepisma (Plate I, Fig. 16) but is often crowded out of its 
typical position by the shape, retraction and function of the caudal 


somites. The Hymenoptera present another, and one of the clearest 
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cases of the relation between appendage I and somite eight as has 
already been mentioned in another connection. This is well illus- 
trated by the female saw-flies and Vespa (Plate XVI, Figs. 9 and 10) 
as well as by the generalizdd genus, Lepisma, in the male. The 
size of these appendages varies with their function. In the Orthop- 
tera, they attain a good size in all the forms studied, in both the 
male and the female, being more prominent in the latter. They are 
often apparently small tactle organs in the male when appendages 
II and III are highly specialized, as in the case of Benacus, 
Euschistus and Anasa, it being even less inconspicious in the females 
of the two last mentioned genera, although larger in the male. In 
those groups having a complete metamorphosis it is either rudimen- 
tory,;as in the female Hepialus; absent altogether as is most often 
the case in both the male and female of the Coleoptera and in fe- 
male Lepidoptera,other than Hepialus, or specialized as so-called 
claspers in most male Neuroptera, Mecoptera, Trichoptera and 
Lepidoptera other than Hepialus. In the Diptera, it is rudimentary 
in the female Tabanus; of good size in both the male and female 
Tipula, as well as in the male Tabanus and small in both sexes in 
Calliphora. 

7. Appendages II and III. - These appendages are prominent 
in those females which have their genitalia specialized to dig 
holes in which to lay their eggs, to sting or for some other 
accessery function. Examples of these are common among the Orthop- 
tera and Hymenoptera (Plates II, III, IV and XVI ). Even here 
Appendage II, referred to above as the "mesal" appendage of certain 
authors, is small or rudimentary, and it is found to be more often 


absent altogether in the female than in the male. In the male 


they are most specialized in connection with the intromittent 


ssameg@ SotaaTes ed 
Ay ee 
coe AL Demoitadm ae 


wo, 
¢ 


GOL Srv 2 sogrt .ITe ef:5°) eqee’ Bs est fevegye ieee. oe 


ait “efsh ett al .ccelood (settee BRED STSeRO eee 
te1O eng cl .»neoftonut thady dfiw esitgy segeeeeee 


: = 
ays vec tT tetvel aside as fosal ra amr)’ airitec olpaels 


fecibtegcs cedr efew oft ci enssy vost Liens via 


,BSuU0ERSS bo sexo ait cl. se .bovliiefosqe Via 
i ‘ 


i = 
famed ed¢ gf eootoiqens -={ @6us nist 2) | sec 


rs 


Alem ett of 26g ie stemes boro gee 


imord ets segebactive seoel? + .1it bas ii megabaes 


5 o¢ bexcileitcsgea slistiaveg tidct. eved aotdw aeleae 


técvo sucé tcl To satée od. .agye wie? tel. of Joke 


« ‘ 4 , 
-© e¢ oootu coms ls ote seed? 30. obfcmex4d | i noRsoni a 
« 7 


‘en mava .¢ IV% bas Vi . SET. 2a3 petalt) e197 cea & 


> 10. Meearreqis “fabqe” sit Be evods oF baggeges rt a: 


5 ah - TA 
vrow ied of Brod el 72 °hme reine sheet ee at 
t ae & 


Letts sit ai :ofem, edt of nant algied s4t-1b)) 


ta 


“ ‘ | 
wid she fans Ot int it Tohfoonings St bes.tte tos XG , 
| Bae ui eins: ~ 


rec 


——— Sie 


PO ee a ae an iby 


organ, and Appendage II is more often present here than elsewhere . 


The best examples of this modification are seen in the Hemiptera 


|] and Coleoptera (Plates V,VI and XI,XIUSimilar organs, much smaller 


in size, are also found in Corixa, Notonecta, Corydalis, Dolerus 
and Vespa, made up, in all these cases of Appendage II, as well as 
IIIf. 

8. Appendage IV. - Appendages included under this head are most 
often called the cerci. These are more dorsal in position than the 
others, and seem in many cases in adults, especially in the Orthop- 

q tera, to be as well attached to somite ten as to the eleventh. 
(Plates II, III and IV). Here we have the only instance of the 
association of one of the genitalia with terga rather than with a 
sterma, so far as the sclerites are concerned, but the membrane 
forming the tenth and eleventh sterna are also in close contact 
With the base of this appendage. Wheeler, in his work on the 
embryo of Xiphidium, shows them as attached to the eleventh somite. 
It seems likely that variation in the form of these appendages 
accompanies a change in function. Evidence of this may be noted 
in the varied cerci of the Orthoptera, Neuroptera, Meroptera, 


Trichoptera, and Diptera. 


The main conclusion emphasized is the descent of the male and 
female genitalia from the aniages of abdominal, pedal extremities 
of a myriapod-like ancestor, as seen in the embryos of insects. 
The stylets upon which so much emphasis has been laid by investi- 
gators mainly represented by Heymons, certainly have little place 
in the adult insect. That they are present in the Thysanura seems 


to have little weight after one has worked upon representatives 


not only of that order but of may other groups, because even where 
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such stylets are present there are also present far more important 
|) structures, the above mentioned genitalia. Even in Heymon's 

ees wares it is clear that the two descended from entirely separate 
1 andlages and the interpretation that the genitalia descended from 


the anlages of stylets seems entirely unnecessary, and in fact, 


in one case at least, entirely wrong. 


That there are traces in the adult insect of ten, eleven or 
| even 7 probably twelve somites would seem but natural considering 
| the far hal probable} ancestral number; but only somites 


| eight, nine, ten and eleven bear a direct relation to the genitalia. 
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Ueber die Fortpflanzung und Entwicklungsgeschichte 
der Ephemera vulgata L. 

Sitzungsb. Gesell. Naturf. Freunde, Berlin, 

1896, pp. 81-96. 

Ueber die hermaphroditische Anlage der Sexual- 
drusen beim Mannschen von Phyllodromia (Blatta L.) 
germdnica. 

Zool. Anz., 13 Jhrg., 1890. 

Ueber die Lebensweise von Hemimerus,. 

Deutsch. Ent. Zeits., Berlin, 1911, pp, 163-17 
Uebersicht tiber die neuere Ergebsnesse auf dem 
Gebiete der Insektenembryologie, 

Zool. Centralbl., 1 Jahrg ., pp. 41-50, 81-92. 
zur Morpholgie der Abdominaianhdnge bei den 
Insekten. 

Morph. Jahrb., Bd. 24, 1896. 

Ueber die Keimhilllen von Machilis. 
Verhandl. d. deutsch. Zool. Gesells., pp. 
123-135, 1905. 


Ueber die Eier dieser Familie (Phasmodien. ) 
Berliner Entomolog. Zeitschr., 15, 1871, p. 17. 


The Structure and Life History of the Cockroach 
(Periplaneta orientalis. ) 
London, 1886, 


The Embryological development of the Locust. 
Ch. 10, Third Rep. U. S. Ent. Com. Washington, 
1883. 


The Development of Phryganids, with a preliminary 
note on the development of Blatta germanica. 
Q. J. Mic. Sc., vol. 24, 1884, 


Recherches sur l'’anatomie et le developpement de 

l'armure genitale femelle des Insectes Orthopteres 
Compt. rend. Ac. Sce., Paris, T. 117, Nr. 
22, pp. 749-51, 1893. 

Recherches sur l‘anatomie et le developpement de 

l’armure genitale male des Insectes Orthopteres. 
Compt. rend. Ac. Sc., Paris, T. 116, pp. 
293-295, 1893. 


A. Armature genitali maschili degli Ortotteri 
saltatori. 
Boll. Soc. Ent. 9 Ital., 14 a Ann. , 1882 Pe 384. 


Noch einige Worte tiber Segmentanhdnge bei 
Insekten und Myriapoden, 
Zool. Anz., 21 Bd., pp. 32-39. 


Zur Entwicklungsgeschichte der mdnnlichen 
Geschlechtsanhdge bei Insekten. 
Zool. Anz. Bd.; 27, Ppp. 470 = +9 1904. 
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|| Viallanes, H. 


Wattenwyl, Brunner von, Die Morphologische Bedeutung der Segmente 


Weismann, A. 


Wheeler, W. M. 


48 
Sur quelques points de l’histoire du developpement | 
embryonnaire de la Mante religieuse. 


Rev. biol. du Nord de la France, T. 2, 1890, or 
Ann. d. Sc. Nat. Zool., T. 11, S 7, 1891. 


speziell des Hninterleibes, bei den Orthopteren. 

Festschrift zur Feierdes flnfundzwanzig jdhrigen. | 
Bestehens der K. K. Zool.=-Botan. Gesell. in Wien, 
1876. 


Zur Embryologie der Insekten. 
Archivflr Anat u. Physiol., 1864, 


A Contribution to Insect Embryology. (On Xiphidiun.)) 
Journ. Morph., vol. 8, 1893, pp. 1-160. 
The Embryology of Blatta Jermanica and Doryphora 
decemlineata. 
Journ. Morph. Boston, vol. 3, 1889. 
Neuroblasts in the Arthropod Embryo. 
Journ. Morph. Boston, vol. 4, 1891. 
Note on the Oviposition and Embryonic Development 
of Xiphidium ensiferum Scud. 
Insect life, Washington, Vol. 2, pp. 222-5,1890. 
On the Appendages of the first abdominal segment of 
the embryo cockroach (Blatta germanica. ) 
Trans. Wis. Acad. Sc., Arts and letters, 8, 
1890, Pp. 87-140. 
Ueber ein eigenthtimliches Organ in Locustidenembryo 
(Xiphidium ensiferun, ) | 
2001. Anz., Bd., 15, 1890. 
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Baumgartner, W. 


\Cholodkovsky, N. 


| 


Gerhardt, U. 


Hancock, Joseph L.The Habits of the Striped Meadow Cricket (Oecanthus | 
fasciatus Fisch. ) 
Ann, Nat. vol. 39, 1905, p. 1. 


Houghton, C. 0. 


_ J. Pe 


Korotneff, A. 


| 
| 


ILespes, Charles. 


| 


} 
Yus baum, 


|Przibran, 


Vosseler, A. 


Orthoptera 
Gryllidae and Locustidae 
(With especial attention to Spermatophores., ) 
Observations on the Gryllidae, IV. Copulation. 
Bull. of Univ. Kansas, Sc., vol. 5, 1911. 


See also Science; vol. 21, No. 544. 


Ueber die Spermatodosen der Locustiden. 
Zool. ANZe, 4l, 615-19, 


Studien fiber copulation und Spermatophoren von 
Grylliden und Locustiden, I. 
Zool. Jahrb. vol. 35, (Abt. Syst.) 1913, pp. 


415-532. 


Notes on Oecanthus. 
Can. Ent. , vol. 4l, pp. 113-15, 1909, 
Observations on the Mating Habits of Oecanthus. 
Ent. News, vol. 20, 27429, 1909, 


Courting and Mating of Oecanthus fasciatus, Harris. | 
Can. Ent., vol. 41, pp. 25-7, 1909, 
Observations on the Oviposition of Oecanthus 


quadripunctatis 


Ent. News, vol. 20, pp. 25-8, 1909. 
The Structure and Systematic Importance of the 
Spermatophores of Crickets. 

Ann. Ent. Soc. Am., vol. 4, 1911, p. 63. 


Die Embryologie der Gryllotalpa. 
Zeit. flr wiss. Zool. 


Memoire sur les spermatophores des grillons. 
Ann. d. Se. Nat. (4), Zool., vol. 3, 1855, p,366.) 
Deuxieme note sur les spermatophores du Gryllus 


sylvestris. 


Ann. d. Sc. Nat. (4) Zool., vol. 4, 1855, p, 244, 


Zur Entwickelungsgeschichte der ausfthrungsgdnge 
der Sexualdriisen bei den Insekten, 
Bd. 


Zool. Anz. 


Die Lebensgeschichte der Gottesanbeterinnen 
(Fang -Heuschrecken. ) 
Insektenbiol., vol. 3, 1907, pp. 


Zeit. Wiss. 
117-146. 


Beitrdge zur Faunistik und Blologie der Orthopteren 
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Beutenmiiller. 


Bd. 41, 1885. 


5. 


(iC Ob tO tls 


cA Re eR ee ee ae 


a | a 
erodqons TO -a 


eal 


sebiinsood bis osbt f 
roddo? Ary é «7 of to hime adis cia 
; ~BAbil five ont ro enol devwresdd ab’, 

[ov ,.c¢ ,@i@neN .vind Fo Vitis 
3 .o# ,°S ,fov :someloe Sais ose 


svool 7ab eseebotemiage efb rede 
=~GL£8 ee « «Sth » Loos 


j aov fetosaotemieq? bas aoltelsqoo 2ed8 astigde 
.! ,cobitevoot Bar aebiifye 
aq ,0FGr (.tdv® .3dd) , 86 . lay Jamal, foes 


888-8 
} 
d 
i eyiftanoo0) texot7) wobae® begiite ons to eftidal crt & 
(,dosktt avtatosst 
. .L .¢ ,~@OQE .2¢ View san sae 
i 
| 3 eudynmese me resol 
’ COC! ,eu-ELl .aq ,fb .fOw-—p.cee. 3 ? 
.aundéaeso0 to avlkdsh nalive® ent 2 anol Jnvudad ey 
202! ,G-t0h (08 Low awa. Sam )/ 


t 


| .eitish ,cuteloost accingos® Yo xateet tne gepeen oy 
,e0er ,v-38 .aq fh . fev , Mee mee 
writraoe® to nottteoagiyO sig no anol te'yvrord0 
.colfferretive® el tafongqi tberp 
.COBL ,.8-3S .qq .0S .fov Jawen .oee eo 
eid to oonsttoaqal ol feretez? bite, 6m geutse oft 
. stewart ‘to nerodge tare’: ‘I 
4, ee ~i felt > | Lov @ »lkA «008 «SOE a , P, 


sgintoLiy«w ib stpoloyadma sid 
s5BBL a~ cS Bey 3 > oo ,oclw «bt tees 7 


yvenoliiaa eob Borrosiqosam rere sel oe rn 
\BO8,¢d .268L ,& «tov ,.f00S , (Pb) .dah .08..5 9 ane 
asiivaS wb eetorqod sategea aol tie stom empl 
Raptr 

dS .a ,2e6L ,f .lov ,..food (#) .dem 108) bso 


sanbyepriiitevs wb eddots ovexesaufedol wink = 
~nedvoenl neb fad i wah «£008 
0 SE Sak 


morml teotediaaet tod “5b a ened at 
wil 
dq ,VOS8L.,% .fov +e Piseyene 


‘ 


j aa 


ian mn; ne be | aa ds Ube tO ee 4) pierce ci eas ws 


50 


Zool. Jahrb., vol.-17, (Abt. syst.) 1903, p. 49. | 


Plecoptera, Mecoptera, Trichoptera, Odonata and Forficulidae. 
(And some others. ) 


Balbiani, E. G. Sur la reproduction et l‘embryogenie des Pucerons. 
- Compt. rend., Acad. d. Sc., T. 62, 1866, 


Brauer, F. Beitrdge zur Kenntniss der Panorpiden-Larven. 
Verhandl, d. k. k. zool.=bot. Gesell. Wien., 


Zur Kenntniss des mdnnlichen Geschlechtsapparates 
der Trichopteren, 

Zeits. f. wiss. Insektenbiol., Berlin, 1907, 
vol. 7, 384-5. 


|Cholodkovsky, N. 


Degeer, Abhandlungen zur Geschichte der Insekten. 
Uebers. v. G&tze, vol. 2, Teil 2. Nurnberg, 1779, 


Elwes, H. A revision of the genus Zpthima, with especial 
reference to the characters afforded by the male 
genitalia. 

Trans. Ent. Soc., London, 1892. 


Gadeau de K. uH. L'accouplement des Forficalides. 
Bull. Soc. Ent. France, 1903, pp. 85-7. 


Bemerkungen zu der Arbeit des Herrn,. 
Prof. Dr. Heymons Uber die Abdominalanhdnge der 
Libellen. 
Ann. K. K. naturhist. Hofmus., Wien, vol. 19, 
p. 60, 1904. 
Zur Morphologie des Hinterleibes der Odonaten. 
Ann. K. K. naturhist. Hofmus., Wien, vol. 18, 
p. 116, 1903. 


}Handlirsch, A. 


Die Fortpflanzung der Ohrwirmer. 
Sitz. Ak. Wiss., Berlin, 1894, 

Grundzuge der Entwicklung und des Korperbanes 

Odonaten und Ephemeriden. 
Anh. Ze d. Abhanhl. k.-k. Ak, d. Wiss., 
Berlin, 1896. 


| 
| 
} 
| 
| 
| 
| 


Ingenitzky, J. Zur Kenntniss der Begattungsorgane der Libellulide 
Zool. Anz., Bd. 16, 1893. 


Joly, N. Embryogenie des Ephemeres. 
Jour. de l‘anat. e de la Phys., Ch. Robin et 


Ruchet, 1876, 


Klapalek, F. Die Morphologie der Genitalsegmente und Anhdnge 
bei Trichopteren. 
Bull. Int. Acad. Sc. Prague Sc. Math. Nat., 
8 Ann., pp. 161-197, 1904. 
Ueber die Geschlechtstheile der Plecopteren mit 
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Meinert, 


Schaum, H. 


Stitz, H. 


Stokes, A. C. 


Tichomirowa, 0. O. 
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besonderer Rlcksicht auf die Morphologie der 
Genitalanhdnge. 
Anz. k. Akad. Wiss. Wien Math. Nat. cl., 
1896, Nr. 21, pp. 229=30. 


Anatomie Forficularum (Afhandlung fur den 

Philosophiske Doctorgrad.) Kj&8benhavn, 1863. 
Ferner: Naturhist. Tidskrift af Schiddte. 

KjSbenhavn, 1868-69, 3, R. V. p. 278. 


Ueber die Zusammensetzung des Kopfes und die Zahl 
der Abdominalsegmente bei den Insekten. 
Archiv. f. Naturgesch. 29 Jahrg. Bd. 1, 1863, 
Sa 247-60, 
Nachtrag dazu, S. 365-67. 


Zur Kenntniss des Genitalapparats der Panorpaten. 
Jena, Zool. Jahrb., 1908, 


The Pygidium of the Common Flea. 
N. Y. Mier. Soc., Vol. 12 Nr. 2, Apr., pp. 41-7. 


Zur Embryologie von Chrysopa. 
Biol. Centralbl., Bd. 10, 1890, 


Tschuproff, Helena. Ueber die Entwicklung der Keimbldtter bei den 


eele, H. W. 


Zander, E. 


Libellen. 
Zool. Anz. , Bd. 27, Ppp. 29-34, 1903. 


Morphologie und Entwicklung der Gonopophysen der 
Odonaten, 
Bern. 1906, 198 pp. Amsterdam Tijdschr, Ent., 
1908. 


Beitrdge zur Morphologie der Mdnnlichen 


Geschlechtsanhdnge der Trichopteren. 
Zeits. flr w. Zool. > wba) -70,. 1901. 
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Burmeister, H. 


Cholodkowsky, N. 
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Hemiptera 


A New Type of Corixidae, Etc. 
Can. Ent. Vol, 44, pp. 113-120. 


Abdominale Sinnesorgane bei Nepa cinerea. 
Zool. Anz/ Bd. 35, pp. 484-9. 
Statische Sinnesorgane bei den Nepiden. 
Zool. Jahrb. (Abt.. Anat.) Bd. 34, pp. 179-346 


Gli Insetti. (On Genitalia of Hemiptera. ) 
Milanno, 1909. 


Beitrag zur Kenntiss der Genitalorgane der 
Psyllopoden. 
Thiuetr, Zeits. fur’ Ent., 4 Bad., Nr. 20, 
Ppe 305-8. 


Beitr&age zur Entwicklungsgeschichte der 
Libelluliden und Hemipteren, 
Mem. Acd. Sc. St. Petersburg, VII serie, 
T. 15, 1869, 


Handbuch der Entomologie. 


I Bd., 1832, S. 114 120; 208-215; 227-41. 


Ueber den Geschlechtsapparat von Nematoris 
metallicus. 


Metamorphose der Respirationsorgane bei Nepa 
cinerea. 
Mitt. Nat. Verein Neuvorpommern-Rlgen, Jg. 40 
Arch. Dissertation, Greifswald, 1910. 


Observations anatomique sur les organes de la 
generation chez la Cigale femelle. 
At, St. Nat., 18357, 7, pp. 200-6. 


Histolre des metamorphoses et de l'anatomie du 
Piophila petasionis. Appareil digestif. 
Appareil genital. 

Pit, oe, Nat. £200r. S°& ser. t. 1, 1844. 
See also 

an, Ge, “at. 2001. S° ser.’ t. 3, 1845. 

Arn. oc. nat. Zool, 4° ser. t. 1, 1854. 

Avis, DC. Nab. 2001. ce ser. t. 1, 18354. 
Recherches Anatomiques et Physiologiques sur les 
Hemipteres. 

Extrait des Mem. des Sav. estrang. T. 4, 

Paris, 1833. 


Remarks upon the Homologies of the ovipositor. 
Trans. Ent. Soc., London, 1868, 
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Von Herrich-Schdffer, Nurnberg, fortgesetzt. 


| Hoppe, Reinhold, Die Atmung von Notonecta glauca. 
| Zool. Jhrb., Ba. 31, (Allg. Zool. Physiol. ) 
| pp. 189-244, 


| Hyatt, J. D. Some petuliarities of the mouth parts and 
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Trans. Am. Mic. Sec., vol. 17, p. lll, 1896. 
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Insectes. 
Ann. d. Sc. Nat. Zool., T. 12, 1849. See also, 
Amn, Gd, S¢. Bat. Zool., T. 14, 1850. 
Ann. d. S¢. Nat. Zool,, T. 17, 1852. 
Am, @, Se. Nat. Zool., T. 19, 1853. 


leidy, J. History and Anatomy of the Hemipterous genus 
Belostoma,. 
Jour. Acad. Nat. Sc., Phila., vol. I (N. S.) 
Part. 1, 1847. 
| Metchnikoff, E. Untersuchungen Uber die Embryologie der Hemipteren. 
. Vorh. Mitth., Zeits., flr w. Zool. Bd. 16, 1966. 


Severin, H. H. P& H. ©. Notonecta undulata Say Preying on the eggs 
of Belostoma (Zaitha) flumineum Say. 
Can. Ent., Vol. 42, p. 340. 
Habits of Belostoma (Zaitha) flumineum Say and Nepa 
apiculata Uhler, etc. 
Jour. N. Y. Ent. Soc., vol. 19, pp. 99-108. 


Sharp, J. On the structore of the terminal segment in some 
male Hemiptera. (Pentatomids. ) 
Trans. ent. soc., London, 1890, 


| Siebold, C. T. Ueber die weiblichen Geschlechtswerkzeuge der 
| viviparen und oviparen Blattlause. 
| Froriep's Notizen, Bd. 4, 1838. 
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Homoptera, 
Ent. Nachr. (Karsch.) 19 Jhg., Nr. 24 pp. 
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Verh. Naturh. Ver. Rheinl. Westf., And 
Dissertation, Bonn, 1893. 


Wefelscheid, Heinrich, Ueber die Biologie und Anatomie von Plea 
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Zur Kentniss der:mdnnlichen Geschlechtsorgane der 
Dipteren. 
Zool. Anz., 1892. 


Bemerkungen Uber die Entwicklung von Musca. 
Morph. Jahrb., 14 Bd., 1888. 


Ueber die Keimbldtterbildung bei Musciden. 
Verh, Deutsch. Zool. Gesell., 1900. 


Vergleichende Studien tber die Embryologie der 
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Denkschr., (Mat.-Natur. kl.,) Acad. Wiss. 
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Zur Entwicklung des Geschlechtsorgane von 
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pp. 543-612. 


Diskussion zu: "K. Escherich, Ueber die Keim- 
blAtter bildung der Musciden." 
Verh. deutsch. zool. Gesel. 1900. 


Beitrdge zur Kenntniss der nachembryonalen 
Entwicklung der Musciden. 

Theil I in Zeits. fiir w. Zool. Bd., 45, 1887. 
Beitrdge zur nachembryonalen Entwicklung der 
Musciden. 

Zool. Angz., Bd., 8, 1885, 

Zur embryonalen Entwicklung der Musciden, 

Biol. Centralbl., Bd. 6, 1886. 


Der Fau der Weiblichen Geschlechtsorgane bei 
Culex und . Anopheles. 
Zeits flr w. Zool., Bd. 69, 1901. 


On the Structure and Development of the ovaries and 
their appendages in the Blowfly (Calliphora 
erythrocephala. ) 

Jour. Linn. Soc., London, Zool., vol. 20, 1889. 
Anatomy and Physiology of the Blowfly, Musca 
vomitoria. 
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The Structure and Life History of the Harlequin 
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Beitrdge zur Entwicklungsgeschichte der Musciden. 
Zeits. f. W. Zool. Bd. 70, 1901. 


Die Weiblichen Geschlechtsorgane der Ichneumonidae. 
Zeits. fir We Zool. Bd. 108, 1913, pe 290-357. 


Observations sur les organes genitaux des 
Braconides. 
Ann. d. Sc. Nat. Zool., (8) T. 7, pp. 293-303. 


The Hypopygium of the Tipulidae. 
Trans. Am. Ent. Soc., vol. 30, 1904, pp. 179=234 
The Terminal Abdominal Segments of Female Tipulidae 
Jour. N. Y. Ent. Soc., vol. 11, 1903, pp.177-82, 


Die Metamorphose von Corethra plumicornis, ein 
weiterer Beitrag zur Entwicklungsgeschichte der 
Inseckten,. 
Zeits. flr w. Zool. Bd. 16, 1866. 
die nachembryonale Entwicklung der Musciden nach 
Beobachtungen an Musca Vomitoria und Sarcophaga c. | 
Zeits. flr W. Zool. Bd. 14, 1864. 


Notes on the Value of the Genitalia of Insects as 
Guides in Phylogeny. (Diptera. ) 

Lond. Trans. Ent. Soc., pp. 297-305, 1908. 
The male genitalia of the Cockroach, Periplaneta 
orientalis, L., and their homology with the 
Genitalia in Diptera. 

Journ. Quekett Mic. Club, (2), vol. 10, pp. 

235 .-42, 1908. 

The male organs of the Flies, Scotophaga lutaria 
and S. stercoraria. 

Journ. Quekett Mic. Club, (2), vol. 8, pp. 

411-16, 


Ueber den Bau des Hypopygiums der Gattung Tipula. 
Inaug. Dissertation, Munster, 1880. 
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| Coleoptera 
| 
/Blunck, He Die Entwicklung des Dytiscus marginalis, 
von Ei bis Imago. 


1 Zeits. fiir w. Zool. Vol. 111, 1914, pp. 76-151 


|Demandt , Carl Der Geschlechtsapparat von Dytiscus marginalis. 
| zelts. fur W. 200. Yol. 1035, 1912, pp. 171-299). 


|Donisthorpe, H. Notes on the Copulation of Hydrophilus piceus I. 
Ent. Record, Vol. 12, Nr. 11, pp. 291-2. 


Ricken ch, Ke Anatomische Studien thber das mannliche Genital- 
system der Coleopteren. 
Zeits. flr w. Zool. Bd. 57, 1894. 


lHarvey, Hydrophilus piceus; period of embryology. 
| Rep. 69, Manchester Mic. Soc., 1911. 


— Ke Die Embryonalentwicklung von Hydrophilus piceus L.« 
I, Theil, Jena, 1889. 
Ueber die Anlage der Keimblitter von Hydrophylus 


piceus L. 

| Abhandl. d. Ke preuss, Acad. d. Wiss., Berlin, 
| 1885. 

} 


WHilger, Z. Zur Morphologie des Kaferabdomens. 
| Zool. Centralbl., 1 Jhg., Nr. 10-11, pp. 3585-9 


Broly, Me Sur les moeurs, les metamorphoses, l'anatomie 

: et l'embryogenie d'un petit insecte coleoptere 
| (Colaspis atra Latr. ), etc., 

| Ann. d.e Sc. Nat. S roe Ve ba» 1844, PpPpe 5-58 « 
| 


Kirschner, Theodor, Die Entwicklungsgeschichte des WAnnlichen 
Copulationsapparaits von Tenebrio molitor L. 
Zool. Jahrb., (Anat. Abt.) 1913, pp. 337-76. 


‘|Korschelt, Ee Zur Embryonalentwicklung des Dytiscus marginalis hk. 
| Zaats Seon. Supp. 15, Bds 2,;.1912. pp. 

| 499 =552 e 

| 

juecaillon, A. Contribution a lL'etude des premiers phenomenes 


. 

| 

| 

| du developpement embryonnaire chez les Insectes, 
particulierement chez les Coleopiteres. 

| Arch. d'anat. Micr., Paris, t. 1, pp. 205-11, 

1897. 

| Note preliminaire relative aux feuillets ger- 

Minatifs des Colepteres. 

| be oe poe. de Biol., Paris (10), T. 4, Nr. 357, 

. pp. 1014-16. 


| 
| Recherches sur l'oeuf et sur le developpment de 
| quelques Chrysomelides. 


These. Paris Arch. d'anat., Micr., T. 2, 1898, 
Sur les feuillets germinatifs des Coleopteres. 
Gv mh. Ac. Sec., T 125, pp. 876-9. Paris, 1897. 
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Packard, A. S. 


Regimbart, M. 


Roussel, 


Schréders, L. 


Seurat, L. G. 


Tichomiroff, A. 


Schwarz, 0. amd Weisse J. Bemerkungen zu Herrn C. Verhoeff's 


Die Entwicklung der Keimblétter bei Meloe 
proscarabeus. 
Biol. Centrabll., Bd. 8, 1888, Nr. 15. 


Phylogenie und System der Borkenkédfer. 
Zeits. flr w. Insektenbiol., Berlin, Vol. 7, 
1911, pp. 1-5, 47-51, 77-82, 100-112, 145-156, 
248-255, 271-278, 302-8, 333-338, 372-78;-- 
vol. &, 1912, pp. 19-26, 51-61, 81-S, 125-9, 
162-7, 205-11. 


Recherches sur l'etui penial considere comme 
luinite de l'especa dans les coleoptere. 
Ann. Sc. Nat. (Zool.) 1849, 3 serie, T 12, 
pp. 227-42. 


Embryology of Colopterus spretus. 
3d Rept. Uy S. Ent. Com. 9 1880-82, 


Recherches sur les organes copulateurs et sur les 
fonctions genitales dans le genre Dytiscus. 
Ann. Soc. Entom. de France, 36 Serie, T 7, 1877. 


Notes sur des femellies de Dytiscus latissimus et 
sur une plaque membrameuse recouvrant les deux 
derniérs segments abdominiaux. 

‘Ann. Soc. Ent. de France, 1867. 


Recherches sur les organes genitaux des insectes 
Coleopteres de la famille des Scarabeides, 
C. R. de 1’Acad. des sc., t. 50, 1860. 


Entwicklungsgeschichtliche und anatomische studien 
Uber das m&nnliche Genitalorgan einiges Scolytiden. 
Zool. Anz., 24 Bd., Nr. 649, pp. 460-1, 1901. 


Untersuchungen fiber die Abdominalsegmente und die 
Copulationsorganeder mdnnlichen Coleoptera. (In 
Deutsche ent. Zeits. 1893, p. 113.) 

Deutsche Ent. Zeits. 1893. 1 Hft., p. 153-7. 


Observations sur les organes genitaux externes des 
Coleopteres, 
Pubic Mme, @* Bict.q hats; Paris...f.. 5, Nr. 7, 
pp. 364-366, Nr. 8, pp. 407-9, 


Ueber die Entwicklung der Calandra granaria. 
Biol. Centralbl., Bd. 10, 1890, 
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Beitrag zur Kenntniss des Abdomens der 
mdnnlichen Elateriden. 

Zool. ANZe, Bh se Jhg. Nr. 443, pp. 100-106, 1894, 
Finden sich ftir die Laminae basales der mdnnlichen 
Coleopteran Homologa bei Hymenopteren? 

Zool. Anz. B 16, 1895. 

Ueber des Abdomen der Scolytiden, ein Beitrag zur 
vergleichenden Morphologie des Hinterleibes der 
Coleopteren. 

Arch, f. Naturgesch., 62, Jhg., 1 Bd. 2, Hft., 

pp. 109-44, 1896. 

Vergleichende Morphologie des Abdomens der 
Canthariden und Malachiiden untersucht auf Grund 
der Abdominalsegmente, Copulationsorgane, 
Legesapparate und Borsaldrusen. 

Arch. f. Naturgesch., 60 Jhg., 1 Bd., 2 Hft., 

pp. 129-205, 1894, 

Vergleichende Untersuchungen Uber die Abdominal- 
segmente und die Copulationsorgane der madnnlichen 
Coleoptera-Ein Beitrag zur Kenntniss der 
NatUlrlicher. 

Deutsch. Ent. Zeits.,. 1893, 1 Hft., pp. 113-70. 
Zur Kenntniss der Vergleichenden Morphologie des 
Abdomens der weiblichen Coleoptera, 

Deutsche Ent. Zeits., 1894, pp. 177-88. 
zur Kenntniss des ninterleibes der Cleriden. 

Ent. Nachr. (Karsch.) 20 Jhnrg., Nr. 10, pp. 155- 

157, 1894. 

Zur Vergleichenden Morphologie der Abdominalanhdnge 
der Coleopteren. 

Ent. Nachr., 1894. 


Zur vergleichenden Morphologie des Abdomens der 
weiblichen Kafer. 
Zool. Jahrb. Abth. Morph., 22 Bd., pp. 
477-576, 1905. 


Beobachtungen bei der Copula der Lucaniden. 
Sunto Insekten B8rse, 19 Jhg., Nr. 40, p. 313. 


Bemerkungen Utiber die ersten Entwicklungsstadien der 
Coccinella conglobata L. 
Deutsch. Ent. Zeits., PPe 164-6, 1903. 


The Embryology of Blatta germanica and Doryphora 


decemlineata, 
Journ. of Morph., Boston, vol. 3, 1893. 
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Sur le mecanisme de la fecondation chez les 
Lepidopteres. 
C. R. Acad. de Sc. T. 18, 1869. 


Lepidoptera 


Studi sulle fungioni degli organi genitali 
degl' Insetti da lui osservati piu specialimenta 
nella Bombyx mori. 
Buta Gelid S, Rinn, d. Scienz. Ital., lucca, 
1844, S. 39-94. 


An experiment on the Development of the male 
appendages in Lepidoptera. 
London, Trans. Ent., Soc., 1912, pp. 407-8. 


On Butterflies of the Genus Parnassius. 
Proc. Zool. Soc., London, 1886, S. 6-53 


Beitr&age zur Entwicklungsgeschichte der 
Lepidopteren. 
den. Zeits.,-Bds i1, 1877. 


Embryonic Development of Tortrix ferrugana. 
Am. Nat., vol. 28, PpPpe 961={2. 


On the nomenclature of the male genitalia in 
Lepidoptera. 
Can. Ent., vol. 45, 1911, pp. 181-192. 


Recherches sur l'anatomie et le developpement 
de l'armure genitale femelle des insectes 
Lepidopteres. 
©. R. Ac. Sc. Paris, t. 118, Nr. 7, 1894. 
ppe 558-60. 
Recherches sur l'anatomie et le developpement 
de l'armure genitale male insectes Lepidopteres. 
C. Re. de léAcad. des. Sc., t. 18, Paris, 1894 


Zur Morphologie der Busseren Geschlechtsorgane 
bei den m&nnlichen Lepidopteren. 
Arb. ZO01. Inst., Wien, Ba. 435, LOOL. 


Studien zur Entodermfrage bei den Lepidopterene 
Zeits. fir wiss. Zool., Bd. 76, pp. 167-212, 
1904. 


Butterflies of the Eastern United States and 
Canada, not found in New England. 
(3 vols. Plates in vol. III. Genitalia of 
Anosia. ) 


Ueber den taschenf8rmigen Hinterleibsanhang der 
weiblichen Schm@étterlinge von Parnassius. 

Zeits. flr wiss. Zool. 1851, 3 Bd., S. 53-61. 
Also see 
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Ueber die Entwicklungsgeschichte des 
Seidenwurms. 
Zool. Anz., 2 Jahrg.,. 1879. 


Die postembyronale Entwicklung der Aus- 

fuhrungsgange und der gavandecen beim 

mannlichen Geschlechtsapparat von Bombyx morie 
Zool. Anz,. 18, Jhg., Nr. 487, pp. 407-il. 


On oviposition and the ovipositor, in certain 
Lepidoptera. 
Brit. Mus. Nat. Hist., 1891. 


Beitrdge zur morphologie der m&4nnlichen 


Geschlechtsanhdnge der Lepidopteren. 
iettm. fur wiles. Zool. Ba. 74, p.« 557, 1903. 
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Hymenoptera 


Bau and Mechanisms des Receptaculum seminis 
bei den Bienen, Wespen und Ameisen. 
Zool. Jahrb. (Abt. Anat.) 1912-13, vol. OD, 
pp. 1-74. 


Zur Entwicklungsgeschichte der Biene. 
Zeits. flir wiss. Zool. Bd. 20, 1870. 


Die Entwicklung der Mauerbiene (Chalicodoma 
muraria Fabr.) im Hi. 
Nova Acta Ac. Leop. Carol. Bd. 69, 1897. 
Ci57 Dp.., 15 Tass.) 
(See also, -- Arch. fllr mikr. Anat. Bd. 35, 
1890, and Zook. Anzg., 1890, Nr. 327.) 


Ueber Bau und Entwicklung des Stachels der 
Ameisene 

Zeita. for wiss. Zool. Bd. 28, Hft. 4, 1877. 
Ueber die Fuhrung an der K8rperanhdngen der 
Insekten speziell betrachtet an der Legescheide 
der Acridier, dem Stachel der Meliponen und 
den Mundteilen der Larve von Myrmelon, nebst 
Beschreibung dieser organe. 

Berliner Ent. Zeits., Bd. 26, 1882. 


Vergleichendanatomische Untersuchungen ltber 
den Stechapparat der Ameisen. 
Zool. Jehrb., (Abt. flr Anat. .-), Vol. 34, 
1912, pp. 347-80. 


Utersuchungen Uber den Bau, Mechanismus und 
die Entwicklung des Stachels der bienartigen 
Tiere. 

Zaite. fur wiss. Zool. Bd. 23, 1873. 


Contributions towards the Embryology and 
Anatomy of Polistes pollipes; I. The Formation 
of the Blastoderm and the first arrangement of 
its cells. 
Zeits. fiir wiss. Zool. Bd. 80, pp. 122-54, 
1905. 
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Anatomical & Histological Studies of the Female 
Reproductive organs of the American Saw-fly, 
Cimbex americana, Leach. 
Ann. Ent. SOG. Amer., VoL. dy 1908, Dpe 87=- 
100. 
The Internal Organs of reproduction of the male 
Saw-fly, Cimbex americana, Leach. 
Ann. Ent. Soc. Amer., Vol. 1, 1908, pp. 
196-204. 
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Die Copulationsanh4nge der Solit4ren Apiden 
und die Artentstehung durch "Physiologische- 
Isolierung." 
Zool. Jahrb., v. 26, 1908, pp. 333-84. (Abt. 
fur Systematik.) 


Beitrdge zur Morphologie der m&nnlichen 
Geschlechtsanh4nge der Hymenopteren. 

Zeits. flr wiss. Zool., Bd. 67, 1900. 
Beitr4ge zur Morphologie des Stachelapparates 
der Hymenopteren. 

zeits. flr wiss. Zool.B 66 Nr. 2, p, 289, 

1899. 
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V. Explanation of Plates. 
ABBREVIATIONS. 


The following plates include figures of the posterior somites 
and appendages of the male and female forms of the insects studied. 
Other accessory points such as external openings and their con- 
nections with their ducts are shown wherever possible. Everything 


has been carefully and clearly labelled according to the following. | 


I Appendage of Somite Eight. 
rt Appendage of Somite Nine. 
itr Appendage of Somite Ten. 
IV Appendage of Somite Eleven. 
tl-tll Terga One to Eleven. 

tl2 Terga Twelve of Heymons. 
Slesil Sterna One to Eleven. 

A. Anus. 

Ab Anal Brush, 

Ap Apodeme. 

As Appendages. 

Cc. Cerci. 

Con Conjunctiva,. 

Cop Bursa Copulatrix. 

Cp "Copulatory sacs." 

D Ejaculatory duct. 

G Gland. 

Ov Oviduct. 

R Rectun. 

Rp Respiratoria. 

S Spermatheca. 

Sp Spiracle. 

St Stylet. 

Tr Tracheae. 

Vv Vagina. 


Va Vas deferens. 
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Plate I 


PRIMITIVE TYPE AND THYSANURA 


Primitive Type, ventral view. 
Machilis sp-, female, mesal view. 
Machilis sp., female, ventral view. 


Machilis sp., male, ventral view. 


Lepisma saccharina, female, dorsal view. 


Lepisma saccharina, female, ventral view. 
Lepisma saccharina, female, mesal view. 
Lepisma saccharina, female, ventral view. 
Lepisma saccharina, male, dorsal view. 
Lepisma saccharina, male, ventral view. 
Lepisma saccharina, male, mesal view. 

lz Lepisma saccharina, male, ventral view. 


13 Lepisma saccharina, male, ventral view. 
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Fig. 
Fig. 
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Fig. 
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Periplaneta 
Periplaneta 
Periplaneta 
Periplaneta 


Periplaneta 


Periplaneta 


Dissosteira 
Periplaneta 
Periplaneta 
Periplaneta 
Periplaneta 


Mantis sp., 


Periplaneta 


Mantis Sp, 
Mantis sp., 


Periplaneta 


female, ental view. 
orientalis, male, dorsal view. 
Melanoplus differentialis, male, dorso-caudal view. 


Plate II. 
ORTHOPTERS 


orientalis, female, lateral view. 

orientalis, female, dorsal view. 

orientalis, female, caudal view. 

orientalis, female, caudal view. 

orientalis, female, caudal view. 

orientalis, female, caudal view. 

carolina, female, dorso-caudal view. 
orientalis, male, ental and mesal view. 
orientalis, female, ental view. 
orientalis, male, ventral view. 
orientalis, female, caudal view. 
penete lateral view. 


orientalis, male, mesal view. 


female, ventral view. 
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Fig. 
Fig. 
Fig. 
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Fig. 
Fig. 
Fig. 
Fig. 
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Fig. 
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Fig. 
Fig. 
Fig. 
Fig. 
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Plate III. 
ORTHOPTERA 


Melanoplus differentialis, female, lateral view. 
Melanoplus differentialis, female, mesal view. 
Dissosteira carolina, male, ental view. 


Melanoplus differentialis, female, mesal view. 


Melanoplus differentialis, male, lateral view. 


Melanoplus differentialis, female, ental view. 


1 
2 
3 
4 
5 Melanoplus differentialis, female, lateral view, 
6 
7 
8 Dissosteira carolina, male, caudal view. 

9 


Melanoplus differentialis, male ventral view. 
10 Dissosteira carolina, female, lateral view. 
11 Mglanoplus differentialis, male, mesal view. 


12 Melanoplus differentialis, male, mesal view. 

13 Melanoplus differentialis, male, dorsal view. 

14 Dissosteira carolina, female, ental view. 

15 Dissosteira carolina, female, lateral view. 

16 Melanoplus differentialis, male, dorsal view, 

17 Melanoplus differentialis, female, dorsal view. 
18 Melanoplus differentialis, male, lateral view. 
19 Melanoplus differentialis, female, ventral view. 


20 Dissosteira carolina, female, mesa] view, 
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Plate IV. 


ORTHOPTERA 
1 Gryllus pennsylvanicus, male, caudal view. 
2 Gryllus pennsylvanicus, female, lateral view. 
3 Gryllus pennsylvanicus, female, ventral view. 
4 Dissosteira carolina, male, caudal view, 
5 Gryllus pennsylvanicus, male, caudal view. 
6 Gryllus pennsylvanicus, female, ventral, view. 
7 Gryllus pennsylvanicus, female, dorsal view. 
8 Gryllus pennsylvanicus, male, lateral and ental views. 
9 Gryllus pennsylvanicus, male, ventro-caudal view. 
10 Gryllus pennsylvanicus, male, caudal view, 


11 Gryllus pennsylvanicus, male, ventral view. 

12 Gryllus pennsylvanicus, male, dorsal view. 

13 Xiphiduim ensiferum, male, dorsal view. 

14 Xiphiduim ensiferum, male, caudal view. 

15 Gryllus pennsylvanicus, female, mesal view. 

16 Xiphiduim ensiferum, male, ventral view. 

17 Xiphiduim ensiferum, male, caudal view. 

18 Xiphiduim ensiferum, female, dorso-lateral view. 


19 Xiphiduim ensiferum, female, dorsal view. 
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Plate V. 
HEMIPTERA 


Tibieen septemdecim, male, ventral view, 
Corixa sp., female, ventral view. 

Tibicen septemdecim, female, lateral view. 
Benacus grisens, female, lateral view. 
Notonecta undulata, male, lateral view. 
Benacus grisens, female, dorsal view. 
Benacus grisens, female, ventral view. 
Tibieen septemdecim, male, ventral view. 
Tibieen septemdecim, male, dorsal view. 
Notonecta undulata, male, dorsal view. 
Notonecta undulata, male, dorsal view. 
Tibieen septemdecim, female, lateral view. 
Benacus grisens, female, lateral view. 
Benacus grisens, female, lateral view. 
Tibieen septemdecim, male, lateral view. 
Notonecta undulata, male, ventral view. 
Notonecta undulata, male, ventral view. 
Tibieen septemdecim, female, dorsal view. 
Corixa sp., female, dorsal view. 
Notonecta undulata, female, ventral view. 
Notonecta undulata, male, ventral view. 


Notonecta undulata, male, lateral view. 
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Plate VI. 
HEMIPTERA 


Fig. Anasa tristis, female, dorsal view. 


Fig. Anasa tristis, female, ventral view. 
Fig. Anasa tristis, female, dorsal view. 


Fig. 


Corixa sp., female, ventral view. 
Fig. Corixa sp., female, ventral view. 
Fig. Anasa tristis, female, ventral view. 


Fig. 


ed 
2 
3 
4 ‘ 
Fig. 5 Anasa tristis, female, dorsal and mesal views. 
6 
7 
& Anasa tristis, female, ventral view. 
9 


Fig. Notonecta undulata, female, ventral view. 


Fig. 10 Corixa sp., female, ventral view. 


Fig. 11 Corixa sp., female, dorsal view. 

Fig. 12 Benacus risens, male, ventral view. 

Fig. 13 Benacus grisens, male, lateral view. 

Fig. 14 Corixa sp., female, dorsal view. 

Fig. 15 Benacus grisens, male, dorsal view. 

Fig. 16 Benacus grisens, male, mesal view. 

Fig. 17 Benacus grisens, male, lateral and ental view. 
Fig. 18 Benacus grisens, male, ventral view. 


Fig. 19 Notonecta, female, ventral view. 
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Plate VII. 
HEMIPTRA 


Euschistus variolarius, female, dorsal view. 
Euschistus variolarius, female, ventral view. 
Euschistus variolarius, male, dorsal view, 
Auasa tristis, male, ventral view. 

Notonecta undulata, female, dorsal view. 
Euschistus variolarius, female, ventral view. 
Auasa tristis, male, ental view. 

Euschistus variolarius, male, doreal view. 
Euschistus variolarius, male, ventral view. 
Euschistus variolarius, male, mesal view. 
Benacus grisens, female, caudal view. 

Benacus grisens, female, mesal view. 

Benacus grisens, female, ventral view. 

Auasa tristis, male, caudal view. 

Auasa tristis, male, lateral view. 

Benacus grisens, female, ventral view. 

Auasa tristis, male, ventral view. 

Auasa tristis, male, dorsal view. 

Benacus grisens, male, ventral and ental view. 


Auasa tristis, male mesal view. 
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Plate VIII. 
WEUROPTERA, MECOPTRA, TRICHOPTERA. 


1 Corydalia cornuta, male, ventral view. 

2 Corydalia cornuta, male, dorsal view. 

3 Panorpa lugubris, male, lateral view. 

4 Corydalia cornuta, male, ventral-caudal view. 
5 Corydalia cornuta, female, dorsal view. 

6 Corydalia cornuta, female, ventral view. 

7 Nerophilus californicus, male, ventral view. 
8 Panorpa lugubris, male, lateral view. 

9 Panorpa lugubris, male, mesal view. 

10 Nerophilus californicus, male, dorsal view. 


ll Panorpa lugubris, female, ventral view. 

12 Panorpa lugubris, female, dorsal view. 

13 Nerophilus californicus, male, caudal view. 

14 Panorpa lugubris, female, ental and ventral views. 
15 Corydalia cornuta, female, lateral view. 

16 Panorpa lugubris, male, ventral view. 

17 Panorpa lugubris, male, mesal and ventral views. 
18 Panorpa lugubris, female, dorsal view. 

19 Corydalia cornuta, female, caudal view, 

20 Panorpa lugubris, male, lateral view. 
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Plate IX 
COLEOPTERA 


Harpalus caliginosus, female, dorsal view. 


Harpalus caliginosus, female, dorsal view. 
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Cybister fimbriolatus, male, ventral view. 
Harpalus caliginosus, female, ventral view. 


Harpalus caliginosus, female, ventral view. 


Doryphora decimlineata, male, ventral view. 


Harpalus caliginosus, female, dorsal view. 
Harpalus caliginosus, female, ventral view. 


Harpalus caliginosus, female, mesal view. 


Harpalus caliginosus, male, lateral view. 
Harpalus caliginosus, male, dorsal view. 
Cybister fimbriolatus, male, mesal view. 
Harpalus caliginosus, male, dorsal view. 
Cybister fimbriolatus, female, dorsal view. 
Cybister fimbriolatus, female, lateral view. 
Doryphora decimlineata, female, ventral view. 
Harpalus caliginosus, male, ventral view. 
Cybister fimbriolatus, male, ventral view. 
Cybister fimbriolatus, male, dorsal view. 
Cybister fimbriolatus, female, ventral view. 
Cybister fimbriolatus, female, dorsal view. 
Cybister fimbriolaius, female, ventral view. 


Harpalus caliginosus, male, ventral view. 
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Plate X 
COLEOPTERA 
Hydrophilus triangularis, male, dorsal views 
Doryphora decimlineata, male, ventral view. 
Cybister fimbriolatus, female, ental view. 


Doryphora decimlineata, male dorsal view. 


t 

2. 

3. 

4. 

5. Doryphora decimlineata, male, dorsal view. 

6. Hydrophilus triangularis, male, ventral view. 
7. Hydrophilus triangularis, female, ental view. 
8. Cybister fimbridlatus, male, dorsal view. 

9. Cybister fimbriolatus, female, dorsal view. 
10 Doryphora decimlineata, female, dorsal view. 
11 Hydrophilus triangularis, female, ventral View. 
le Cybister fimbriolatus, male, lateral view. 


13 Doryphora decimlineata, male, ventral view. 


14 Hydrophilus triangularis, male, dorsal view. 
15 Hydrophilus triangularis, male, ventral view. 


16 Hydrophilus triangularis, male, ventral view. 
Ly Doryphora decimlineata, female, ventral view. 


18 Doryphora decimlineata, male, ventral view. 

19 Cybister fimbriolatus, female, ventral view. 

20 Hydrophilus triangularis, female, dorsal view. 

21 Cybister fimbriolatus, male, lateral view. 

22 Doryphora decimlineata, female, dorsal view. 

23 Harpalus caliginosus, female, ential view. 

£4 Doryphora decimlineata, female, ventral and ental view. 


25 Harpalus caliginosus, female, lateral and ental view. 
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Plate XI 


LEPIDOPTERA 


. Prionoxystus robiniae, male, dorsal view. 


. Prionoxystus robiniae, male, ventral view. 


Prionoxystus robiniae, male, lateral view. 


. Prionoxystus robiniae, male, mesal view of zenitalia. 


Prionoxystus robiniae, female, dorsal view. 
Prionoxystus robiniae, female, ental view of S. 8. 
Hepialus humuli, female, caudal view. 

Prionoxystus robiniae, female, ventral view. 
Prionoxystus robinae, male, lateral view. 

Hepialus humuli, male caudal view. 

Prionoxystus robiniae, male, ventral view. 
Prianoxystus robiniae, female, ventral view of 8th segment. 
Hepialus, humuli, female, dorsal view. 

Prionoxystus robiniae, female, ental and lateral view. 
Prionoxystus robiniae, female, ventral view. 

Hepialus humuli, female, ventral view. 

Prionoxystus robiniae, female, lateral - ental view. 
Anosia Plexippus, female, lateral view. 

Hepialus humuli, male, lateral viewe 

Provoparca carolina, male, lateral view. 

Agrotis upsilon, female, lateral view. 


Hepialus humuli, female, lateral View. 
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Plate XII 

LEPIDOPTERA 
Agrotis ypsilon, male, dorsal view. 
Protoparca carolina, female, dorsal view. 
Anosia plexippas, female, dorsal view. 
Anosia plexippas, female, ventral view. 
Anosia plexippas, male, ventral view. 
Agrotis ypsilon, female, dorsal view. 
Anosia plexippas, male, dorsal view. 
Agrotis ypsilon, male, lateral view of zenitalia. 
Protoparca carolina, male, dorsal view. 
Anosia plexippas, male, ventral view. 
Agrotis ypsilon, male, ventral view. 
Protoparca carolina, male, ventral view. 
Anosia plexippas, male, lateral view. 
Protoparca carolina, male, lateral view. 
Protoparca carolina, female, ventral view. 


Protoparca carolina, female, lkateral view. 
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Plate XIII. 
DIPTERA 


Fig. 1. Callaphora viridescens, maie, dorsal view. 
Fig. 2 Callaphora viridescens, male, ventral view. 
Fig. Callaphora viridescens, male, lateral view. 
Fig. Callaphora viridescens, female, dorsal view. 
Fig. Tabanus sulcifrons, male, ventral view. 


Fig. Callaphora viridescens, male, lateral view. 


Fig. 


3 
4 
5 
Fig. 6 Callaphora viridescens, female, ventral view. 
7 
8 Tabanus sulcifrons, male, detail. 

9 


Pig. Tabanua sulcifrons, male, dorsal view. 
Fig. 10 Tabanua sulcifrons, female, caudal view. 
Fig. 11 Tabanua sulcifrons, female, dorsal view. 
Fig. 12 Tabanua sulcifrons, female, ventral view. 
Fig. 13 Tabanua sulcifrons, male, ventral view. 


Fig. 14 Tabanua sulcifrons, female, ventral view. 


Fig. 15 Tabanua sulcifrons, female, dorsal view. 


Fig. 16 Tibula abdominalis, female, ventral view. 
Fig. 17 Tibula abdominalis, female, dorsal, view. 
Fig. 18 Tibula abdominalis, male, ventral view. 
Fig. 19 Tibula abdominalis, female, caudal view. 
Fig. 20 Tibula abdominalis, male, dorsal view. 
Pig. 21 Tibula abdominalis, male, dorsal view. 


Fig. 22 Tibula abdominalis, male, ventral view. 
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Plate XIV. 


HYMENOPTRA 

1 Dolerus umcolor, female, dorsal view. 
2 Vespa maculata, female, lateral view. 
S Vespa maculata, male, ventral view. 

4 Vespa maculata, male, ventral view. 

5 Dolerus umcolor, male, mesal view. 

6 Vespa maculata, female, dorsal view. 
7 Vespa maculata, male, mesal view. 

8 Vespa maculata, male, ventral view. 

9 Dolerus umcolor, male, dorsal view. 
10 Vespa maculata, female, ventral view. 
ll Vespa haeaiata’. female, lateral view. 
le Vespa maculata, male , dorsal view. 

15 Dolerus umcolor, male, ventral view. 


14 Dolerus umcolor, female, ventral view. 
15 Dolerus umcolor, male, ventral view. 
16 Dolerus umcolor, female, ventral view. 
17 Vespa maculata, female, dorsal view. 
18 Vespa maculata, male, ventral view. 
19 Dolerus umcolor, male, dorsal view. 
20 Dolerus umcolor, female, ventral view. 
21 Vespa maculata, female, ventral view. 


22 Vespa maculata, male, dorsal view. 
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‘Smith College and in 1916 was made Assistant Professor in the 


Index. 


Biography 


The candidate was born December 23rd, 1876, in Flint, Michigan, 
and tHe most of the work covered in the grammar grades was done in 
that eity. Preparation for college was received in the High School 
at Batavia, New York, and the following four years were spent at 
Smith College, from which the degree of B. A. was received in June, 
1900. 


In 1907 the candidate was appointed instructor in Zoology at 


same subject. The intervening years between 1900 and 1907 were 
spent partly as a substitute at Smith College in the Zoology 
Cepartment, partly at home, and in Europe for the year 1906='07, 
during which one semester was spent in the study of Zoology, at 
the University of Leipzig. 

Work in Entomology was done at Cornell University, under 
Professor A. D. MacGillivray, during the summer sessions of 1908 
and 1909, as well as for the year 1914='15 at the University of 
Illinois. The second minor subject, Ecology, was studied at the 
summer laboratory of the University of Montana in 1913, under Dr. 
C. ©. Adams, and under Professor V. E. Shelford, at the University 


of Chicago, in the summer quarter, 1914. 


UNIVERSITY OF ILLINOIS-URBANA 


Ci 


